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DESCRIPTION 



PROCESS FOR PRODUCING PHOSPHONIUM BORATE COMPOUND, NOVEL 
PHOSPHONIUM BORATE COMPOUND AND USE OF THE COMPOUND 

FIELD OF THE INVENTION 

[0001] 

1 

The present invention relates to a process for producing 
a phosphonium borate compound, a novel phosphonium borate 
compound, and use of the compound. 

BACKGROUND OF THE INVENTION 

[0002] 

Transition metal complexes having alkylphosphine 
15 compounds as ligands are very important catalysts in 

carbon-carbon bond forming reactions such as Suzuki-Miyaura 
reaction, carbon-nitrogen bond forming reactions such as 
Buchwald-Hartwig amination, and carbon-oxygen bond forming 
reactions such as ether synthesis (see Nonpatent Document 1) . 
20 As an example, bis ( tri-tert-butylphosphine ) palladium (0) is 
used. 

Many of the transition metal complexes having 
alkylphosphine ligands are very expensive, and the industrial 
availability thereof is low. Further, synthesis of the 



5 
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transition metal complexes having alkylphosphine ligands is 
difficult because the raw-material alkylphosphine compounds 
are generally extremely susceptible to air oxidation and 
possess combustibility. 
5 [0003] 

For such reasons, the alkylphosphine compounds are used 
together with transition metals, salts thereof, oxides thereof 
or complexes thereof in the reaction system, in place of the 
isolated transition metal complexes having alkylphosphine 

10 ligands (see Nonpatent Documents 1 and 3) . For example, 
di-tert-butylmethylphosphine, tri-tert-butylphosphine or 
tricyclohexylphosphine is used together with palladium (II) 
acetate or tris (dibenzylideneacetone) dipalladium (0) in the 
reaction system. 

15 However, many of the alkylphosphine compounds are 

extremely susceptible to air oxidation and possess 
combustibility, and therefore are difficult to handle. 

To improve the susceptibility to air oxidation, 
alkylphosphonium tetraf luoroborates, quaternary salts of 

20 alkylphosphines and boron compounds, have been studied. 

Examples of the alkylphosphonium tetraf luoroborates include: 

(1) triethylphosphonium tetraf luoroborate (see 
Nonpatent Document 2) ; 

(2) tricyclohexylphosphonium tetraf luoroborate (see 
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Nonpatent Document 4 ) ; 

(3) di-tert-butylmethylphosphonium tetraf luoroborate 
(see Nonpatent Document 3) ; 

(4) tri-n~butylphosphonium tetraf luoroborate (see 
5 Nonpatent Document 5) ; and 

(5) tri-tert-butylphosphonium tetraf luoroborate ( see 
Nonpatent Document 4) . 

These compounds are produced from alkylphosphine 

compounds and fluoroboric acid (see Nonpatent Document 5) . 

-\ 

10 [0004] 

As known in the art, the above compounds are used together 
with transition metals, salts thereof, oxides thereof or 
complexes thereof in the carbon-carbon bond forming reactions 
such as Suzuki-Miyaura reaction (see Nonpatent Documents 3 and 

15 5) . For example, di-tert-butylmethylphosphonium 
tetraf luoroborate or tri-tert-butylphosphonium 
tetraf luoroborate is used together with palladium (II) acetate, 
tris (dibenzylideneacetone) dipalladium (0) or 
bis (benzonitrile) dichloropalladium (II) in the reaction 

20 system. 

Fluoroboric acid used as raw material in the production 
of the compounds (1) to (5) are corrosive and penetrate into 
the skin upon contact, and must be handled carefully. 
Furthermore, fluoroboric acid has acidity to corrode 
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production utility made of stainless steel, and when 
hydrofluoric acid is liberated, it will corrode production 
utility made of glass . Therefore, the actual use of the above 
compounds in the production causes problems. 
[0005] 

Alkylphosphonium tetraarylborate compounds are also 
developed, and the following compounds are known: 

(6) triethylphosphonium tetraphenylborate (see Patent 
Document 1 ) ; 

(7) tri-n-butylphosphonium tetraphenylborate (see 
Patent Document 1 and Nonpatent Document 6) ; 

(8) tricyclohexylphosphonium tetraphenylborate (see 
Nonpatent Documents 4 and 7); and 

(9) tri-tert-butylphosphonium tetraphenylborate (see 
Nonpatent Documents 4 and 7) . 

Nonpatent Documents 4, 6 and 7 describe the production 
of the alkylphosphonium tetraarylborate compounds. 
Specifically, the documents describe the following production 
processes (10) to (12) . 

(10) Tricyclohexylphosphine is reacted with fluoroboric 
acid to synthesize tricyclohexylphosphonium 

tetraf luoroborate, which is reacted with sodium 
tetraphenylborate to produce tricyclohexylphosphonium 
tetraphenylborate (75% yield) A similar process is described 
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in which tri-tert-butylphosphine is used as starting material 
to produce tri-tert-butylphosphonium tetraphenylborate (71% 
yield) (see Nonpatent Document 4) . 

(11) Tri-tert-butylphosphine is reacted with 
5 1, 1, 1, 3, 3, 3-hexaf luoro-2-propanol and with sodium 

tetraphenylborate to produce tri-tert-butylphosphonium 

tetraphenylborate (77% yield) . A similar process is described 

- 

in which tricyclohexylphosphine is used as starting material 
to produce tricyclohexylphosphonium tetraphenylborate (77% 
10 yield) (see Nonpatent Document 7) . 

(12) Tri-n-butylphosphine is reacted with hydrochloric 
acid in the presence of sodium tetraphenylborate to produce 
tri-n-butylphosphonium tetraphenylborate (53% yield) (see 
Nonpatent Document 6) . 

15 The four compounds (6) to (9) are the only compounds known 

as the alkylphosphonium tetraarylborate compounds, and the 
three processes (10) to (12) are the only known processes for 
producing them. 
[0006] 

20 The processes (10) (Nonpatent Document 4) use 

fluoroboric acid and consequently have handling problems and 
problems of corrosion of production facility, and are not 
suited for industrial production. 

The processes (11) (Nonpatent Document 7) use 
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1,1,1, 3, 3, 3-hexaf luoro-2-propanol which is expensive, and are 
not suited for industrial production. More inexpensive 
processes are desirable. 

In the process (12) (Nonpatent Document 6) in which 
5 tri-n-butylphosphine is reacted with hydrochloric acid in the 
presence of sodium tetraphenylborate, the yield of 
tri-n-butylphosphonium tetraphenylborate is low (53% in terms 
of tri-n-butylphosphine) . The reason for the low yield is not 
clear but is probably that a side reaction takes place between 
10 the reaction product of sodium tetraphenylborate with 
hydrochloric acid, and tri-n-butylphosphine. 
[0007] 

The documents recited above do not describe that the 
carbon-carbon bond forming reactions, carbon-nitrogen bond 

15 forming reactions and carbon-oxygen bond forming reactions 
wherein the transition metal complexes having phosphine 
ligands produce catalytic effects, may be catalyzed by 
phosphonium tetraarylborate compounds together with 
transition metals, salts thereof, oxides thereof or complexes 

20 thereof in place of the transition metal complexes having 
phosphine ligands . 

Thus, there is a need for the development of 
alkylphosphine derivatives that are producible without 
special reaction equipment and by simple operations, and have 
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good handling properties. 

Patent Document 1: JP-A-S62-149721 (pp. 2 and 3) 
■Nonpatent Document 1: Journal of American Chemical 

* ■ 

Society (U.S.A.) (2000, vol. 122, No. 17, pp. 4020-4028) 
5 Nonpatent Document 2: Catalog of Strem Chemicals, Inc. 

Nonpatent Document 3: Journal of American Chemical 
Society (U.S.A.) (2002, vol. 124, No. 46, pp. 13662-13663) 

Nonpatent Document 4 : Journal of American Chemical 
Society (U.S.A.) (1991, vol. 113, No. 3, pp. 875-883) 
10 Nonpatent Document 5: Organic Letters (U.S.A.) (2001, 

vol. 3, No. 26, pp. 4295-4298) 

Nonpatent Document 6: Organometallics (U.S.A.) (1999, 
vol. 18, No. 20, pp. 3981-3990) 

Nonpatent Document 7: Journal of American Chemical 
15 Society (U.S.A.) (1997, vol. 119, No. 16, pp. 3716-3731) 

DISCLOSURE OF THE INVENTION 
PROBLEMS TO BE SOLVED BY THE INVENTION 

[0008] 

20 It is an object of the present invention to provide a 

novel process whereby a phosphonium borate compound is 
produced safely on an industrial scale, by simple reaction 
operations and in a high yield. It is another object of the 
invention to provide a novel phosphonium borate compound that 
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is easily handled. It is a further object of the invention 
to provide a novel use of the phosphonium borate compound in 
combination with a transition metal, salt thereof, oxide 
thereof or complex thereof in the carbon-carbon bond forming 

■ 

5 reactions, carbon-nitrogen bond forming reactions and 

carbon-oxygen bond forming reactions wherein a transition 
metal complex having a phosphine ligand produces catalytic 
effects, wherein the phosphonium borate compound in 
combination with the transition metal, salt thereof, oxide 
10 thereof or complex thereof is used in place of the transition 
metal complex having a phosphine ligand. 

MEANS FOR SOLVING THE PROBLEMS 

[0009] 

15 The present inventors studied diligently to achieve the 

above objects, and they have found that a phosphonium borate 
compound can be produced safely, by simple reaction operations, 
and in a high yield by reacting a phosphine (II) with 
hydrochloric or sulfuric acid, and reacting the reaction 

2 0 product with a tetraarylborate compound (IV) . 

The inventors have also found a novel phosphonium borate 
compound which is highly resistance to oxidation as compared 
to alkylphosphine compounds. It has been also found that the 
phosphonium borate compound in combination with a transition 
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metal, salt thereof, oxide thereof or complex thereof can be 
used in the carbon-carbon bond forming reactions, 
carbon-nitrogen bond forming reactions and carbon-oxygen bond 
forming reactions wherein a transition metal complex having 
5 a phosphine ligand produces catalytic effects, wherein the 
phosphonium borate compound in combination with the transition 
metal, salt thereof, oxide thereof or complex thereof is used 
in place of the transition metal complex having a phosphine 
ligand. 
10 [0010] 

In a first aspect of the present invention, there is 
provided a process for producing a phosphonium borate compound, 
which comprises: 

reacting a phosphine with HC1 to produce a phosphine 
15 hydrochloride, the phosphine being represented by Formula 

(II) : 

(R 1 ) (R 2 ) (R 3 ) P (II) 

wherein R 1 is a primary alkyl group of 1 to 2 0 carbon 
atoms, a secondary alkyl group of 3 to 20 carbon atoms, a 
20 tertiary alkyl group of 4 to 20 carbon atoms, or a cycloalkyl 
group of 3 to 20 carbon atoms; 

R 2 is a hydrogen atom, a primary alkyl group of 1 to 2 0 
carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
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group of 3 to 20 carbon atoms, an aralkyl group of 7 to 20 carbon 
atoms, or an allyl group of 3 to 20 carbon atoms; 

R 3 is a hydrogen atom, a primary alkyl group of 1 to 2 0 
carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
5 a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 2 0 carbon atoms, an aryl group of 6 to 30 carbon 
atoms, an aralkyl group of 7 to 20 carbon atoms, an alkenyl 
group of 2 to 2 0 carbon atoms, an alkynyl group of 2 to 2 0 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; and 
10 R 1 , R 2 and R 3 may be the same or different from one another; 

the phosphine hydrochloride being represented by 
Formula (III) : 

(R 1 ) (R 2 ) (R 3 ) PH-C1 (III) 

wherein R 1 , R 2 and R 3 are as defined in Formula (II); 
15 and 

reacting the phosphine hydrochloride with a 
tetraarylborate compound represented by Formula (IV): 
M-BAr 4 (IV) 

wherein M is lithium, sodium, potassium, magnesium 
20 halide or calcium halide, and Ar is an aryl group of 6 to 20 
carbon atoms; 

the phosphonium borate compound being represented by 
Formula ( I ) : 
[0011] 
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(R 1 ) (R 2 ) (R 3 ) PH • BAr 4 (I) 

wherein R 1 , R 2 and R 3 are as defined in Formula (II) , and 
Ar is as defined in Formula (IV) . 

In a second aspect of the present invention, there is 
5 provided a process for producing a phosphonium borate compound, 
which comprises : 

reacting a phosphine with H 2 S0 4 to produce a phosphine 
sulfate, the phosphine being represented by Formula (II): 

(R 1 ) (R 2 ) (R 3 ) P (II) 
10 wherein R 1 is a primary alkyl group of 1 to 2 0 carbon 

atoms, a secondary alkyl group of 3 to 20 carbon atoms, a 
tertiary alkyl group of 4 to 20 carbon atoms, or a cycloalkyl 
group of 3 to 20 carbon atoms; 

R 2 is a hydrogen atom, a primary alkyl group of 1 to 20 
15 carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 20 carbon atoms, an aralkyl group of 7 to 2 0 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; 

R 3 is a hydrogen atom, a primary alkyl group of 1 to 2 0 
2 0 carbon atoms, a secondary alkyl group of 3 to 2 0 carbon atoms, 
a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 20 carbon atoms, an aryl group of 6 to 30 carbon 
atoms, an aralkyl group of 7 to 20 carbon atoms, an alkenyl 
group of 2 to 20 carbon atoms, an alkynyl group of 2 to 2 0 carbon 
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atoms, or an allyl group of 3 to 2 0 carbon atoms; and 



R 1 , R 2 and R 3 may be the same or different from one another; 



the phosphine sulfate being represented by Formula (V) : 



[ (R 1 ) (R 2 ) CR 3 )PH] (2 -n)-H n S0 4 



(V) 



5 



wherein R 1 , R 2 and R 3 are as defined in Formula (II) , and 



n is an integer of 0 or 1; 



and 



reacting the phosphine sulfate with a tetraarylborate 
compound represented by Formula (IV) : 



wherein M is lithium, sodium, potassium, magnesium 
halide or calcium halide, and Ar is an aryl group of 6 to 20 
carbon atoms; 



15 Formula (I) described above. 
[0012] 

In a third aspect of the present invention, there is 
provided a novel phosphonium borate compound represented by 
Formula ( I ) : 
20 (R 1 ) (R 2 ) (R 3 )PH-BAr 4 (I) 

wherein R 1 is a secondary alkyl group of 3 to 20 carbon 
atoms, a tertiary alkyl group of 4 to 20 carbon atoms, or a 
cycloalkyl group of 3 to 20 carbon atoms; 

R 2 is a hydrogen atom, a primary alkyl group of 1 to 20 



10 



M-BAr 4 



(IV) 



the phosphonium borate compound being represented by 
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carbon atoms , a secondary alkyl group of 3 to 2 0 carbon atoms, 
a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 2 0 carbon atoms, an aralkyl group of 7 to 2 0 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; 
5 R 3 is a hydrogen atom, a primary alkyl group of 1 to 2 0 

carbon atoms, a secondary alkyl group of 3 to 2 0 carbon atoms, 
a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 2 0 carbon atoms, an aryl group of 6 to 30 carbon 
atoms, an aralkyl group of 7 to 2 0 carbon atoms, an alkenyl 
10 group of 2 to 20 carbon atoms, an alkynyl group of 2 to 20 carbon 
atoms, or an allyl group of 3 to 20 carbon atoms; 

R 1 , R 2 and R 3 may be the same or different from one another; 

Ar is an aryl group of 6 to 2 0 carbon atoms; 

[0013] 

15 R 1 , R 2 and R 3 cannot be tert-butyl groups simultaneously 

and Ar cannot be phenyl group at the same time; and 

R 1 , R 2 and R 3 cannot be cyclohexyl groups simultaneously 
and Ar cannot be phenyl group at the same time. 

In a fourth aspect of the present invention, there is 

2 0 provided use of a phosphonium borate compound in combination 
with a transition metal, transition metal salt, transition 
metal oxide or transition metal complex in carbon-carbon bond 
forming reactions, carbon-nitrogen bond forming reactions and 
carbon-oxygen bond forming reactions wherein a transition 
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metal complex having a phosphine ligand produces catalytic 
effects, wherein the phosphonium borate compound in 
combination with the transition metal, transition metal salt, 
transition metal oxide or transition metal complex is used in 
5 place of the transition metal complex having a phosphine ligand, 
the phosphonium borate compound being represented by Formula 
(I): 

(R 1 ) (R 2 ) (R 3 ) PH-BAr 4 (I) 

wherein R 1 is a primary alkyl group of 1 to 20 carbon 
10 atoms, a secondary alkyl group of 3 to 20 carbon atoms, a 
tertiary alkyl group of 4 to 20 carbon atoms, or a cycloalkyl 
group of 3 to 2 0 carbon atoms; 

R 2 is a hydrogen atom, a primary alkyl group of 1 to 2 0 
carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
15 a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 20 carbon atoms, an aralkyl group of 7 to 20 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; 

R 3 is a hydrogen atom, a primary alkyl group of 1 to 20 
carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
20 a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 2 0 carbon atoms, an aryl group of 6 to 30 carbon 
atoms, an aralkyl group of 7 to 20 carbon atoms, an alkenyl 
group of 2 to 20 carbon atoms, an alkynyl group of 2 to 20 carbon 
atoms, or an allyl group of 3 to 20 carbon atoms; 



R 1 , R 2 and R 3 may be the same or different from one another; 

and 

Ar is an aryl group of 6 to 20 carbon atoms. 

EFFECTS OF THE INVENTION 

[0014] 

The process according to the present invention can 
produce a phosphonium borate compound safely, by simple 
reaction operations and in a high yield. In the production 
process, the specific phosphine hydrochloride or phosphine 
sulfate is reacted with the specific tetraarylborate compound, 
and consequently the novel phosphonium borate compound is 
produced safely, by simple reaction operations and in a high 
yield. The phosphonium borate compound provided in the 
invention is novel. The phosphonium borate compound in 
combination with a transition metal, salt thereof, oxide 
thereof or complex thereof can be used in the carbon-carbon 
bond forming reactions, carbon-nitrogen bond forming 
reactions and carbon-oxygen bond forming reactions wherein a 
transition metal complex having a phosphine ligand produces 
catalytic effects, wherein the phosphonium borate compound in 
combination with the transition metal, salt thereof, oxide 
thereof or complex thereof is used in place of the transition 
metal complex having a phosphine ligand. 
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PREFERRED EMBODIMENTS OF THE INVENTION 

[0015] 

The process for producing a phosphonium borate compound, 
5 novel phosphonium borate compound, and use of the compound will 
be described in detail hereinbelow. 

[Process for producing phosphonium borate compound] 

The process for producing a phosphonium borate compound 
will be described with reference to first and second production 
10 processes. 

<First production process> 

The first process for producing a phosphonium borate 
compound includes: 

reacting a phosphine with HC1 to produce a phosphine 
15 hydrochloride, the phosphine being represented by Formula 
(II) : 

(R 1 ) (R 2 ) (R 3 )P (II) 

wherein R 1 is a primary alkyl group of 1 to 20 carbon 
atoms, a secondary alkyl group of 3 to 20 carbon atoms, a 
20 tertiary alkyl group of 4 to 20 carbon atoms, or a cycloalkyl 
group of 3 to 2 0 carbon atoms; 

R 2 is a hydrogen atom, a primary alkyl group of 1 to 20 
carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
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group of 3 to 20 carbon atoms, an aralkyl group of 7 to 20 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; 

R 3 is a hydrogen atom, a primary alkyl group of 1 to 2 0 
carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
5 a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 20 carbon atoms, an aryl group of 6 to 30 carbon 
atoms, an aralkyl group of 7 to 20 carbon atoms, an alkenyl 
group of 2 to 20 carbon atoms, an alkynyl group of 2 to 20 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; and 
10 R 1 , R 2 and R 3 may be the same or different from one another; 

the phosphine hydrochloride being represented by 
Formula (III ) : 

(R 1 ) (R 2 ) (R 3 ) PH-C1 (HI) 

wherein R 1 , R 2 and R 3 are as defined in Formula (II); 
15 and 

reacting the phosphine hydrochloride with a 
tetraarylborate compound represented by Formula (IV) : 
M-BAr 4 (IV) 

wherein M is lithium, sodium, potassium, magnesium 
20 halide or calcium halide, and Ar is an aryl group of 6 to 20 
carbon atoms ; 

the phosphonium borate compound being represented by 
Formula (I) : 
[0016] 
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(R 1 ) (R 2 ) (R 3 ) PH • BAr 4 (I) 

wherein R 1 , R 2 and R 3 are as defined in Formula (II) , and 
Ar is as defined in Formula (IV) . 

Specifically, the first process for producing a 
5 phosphonium borate compound (I) includes: 

a 1st step in which the phosphine (II) is reacted with 
HC1 to give the phosphine hydrochloride (III); and 

a 2nd step in which the compound (III) is reacted with 
the tetraarylborate compound (IV) to produce the phosphonium 
10 borate compound (I), as illustrated in the reaction formula 
below: 

[0017] [Chem. 1] 

HQ 

(RWXRV (RW)(R 3 )PH-CI M " BAr * OV) , (R 1 )(R 2 )(R 3 )PH-BAr 4 

(ID) (i) 

[0018] 

15 The first production process can produce the phosphonium 

borate compound (I) in a high yield. The reason for this effect 
is not clear, but is probably that a side reaction that takes 
place when the compound (II), HCl and the compound (IV) are 
added at the same time can be substantially avoided. 

20 The first process for producing a phosphonium borate 

compound (I) will be described below with reference to an 
embodiment 1 for producing the trialkylphosphonium 
tetraphenylborate and an embodiment 2 for producing the novel 
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phosphonium borate compound. 
(Embodiment 1) 
[1st step] 

In the 1st step, a trialkylphosphine (II) and HC1 are 
5 reacted under predetermined conditions. These components 
will be described below. 
[0019] 

The trialkylphosphine (II) used as a raw material in the 
production process is represented by Formula (II) : 

10 (R 1 ) (R 2 ) (R 3 ) P (ID 

wherein R 1 , R 2 and R 3 are ethyl, n-butyl, tert-butyl or 
cyclohexyl groups, and are the same. Examples of the 
trialkylphosphines (II) include triethylphosphine, 
tri-n-butylphosphine, tri-tert-butylphosphine and 

15 tricyclohexylphosphine . 

The trialkylphosphines (II) of Formula (II) may be 
produced by or according to known methods. 

Examples of such methods include, but are not limited 
to, reaction of phosphinas halides and organo Grignard 

20 reagents, reaction of phosphinas halides and organolithium 
reagents, and reaction of phosphines and olefins. The 
trialkylphosphines (II) synthesized by the above reactions may 
be purified prior to use, or may be used without purification. 
[0020] 
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The trialkylphosphines (II) may be used in an undiluted 
form, or may be diluted with a solvent. Herein, the diluting 
solvents include solvents contained in the unpurified 
trialkylphosphines (II) . The unpurified trialkylphosphines 
5 (II) may be further diluted with a solvent. 

The solvents are not particularly limited as long as they 
can dissolve reaction substrates and are inert to the reaction 
substrates. Examples thereof include water; alcohol solvents 
such as methanol, ethanol and octanol; aliphatic hydrocarbon 

10 solvents such as hexane, heptane and isooctane; aromatic 
hydrocarbon solvents such as benzene, toluene and xylene; 
ether solvents such as tetrahydrof uran and dibutyl ether; 
halogenated hydrocarbon solvents such as chloroform and 
tetrachloromethane; dimethylsulf oxide and dimethyl formamide . 

15 The solvents may be used singly or in combination of two or 
more kinds. 
[0021] 

HCl used in the production process may be hydrochloric 
acid or hydrogen chloride gas. The HCl concentration in 
20 hydrochloric acid is not particularly limited, and is 

desirably in the range of 0.1 to 37% by weight, preferably 10 
to 37% by weight. 

The 1st step involving the above raw materials is 
performed in a reactor purged with an inert gas such as nitrogen 
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or argon. The addition sequence of the raw materials is not 
particularly limited. For example, HC1 may be added to the 
trialkylphosphine (II), or the trialkylphosphine (II) maybe 
added to HCl . When HC1 is hydrochloric acid, the addition 
method is not particularly limited, and it may be added all 
at once or may be added dropwise intermittently or continuously. 
The hydrogen chloride gas may. be easily added by being blown 
into the trialkylphosphine (II) . 
[0022] 

In the 1st step, the desirable HCl requirement, desirable 
temperature for smooth reaction, and desirable time to 
complete the reaction vary depending on the type of the 
trialkylphosphine (II) used, and are selected appropriately. 

The HCl amount varies depending on the type of the 
trialkylphosphine (II), and is desirably in the range of 0.5 
to 5 mol, preferably 0.8 to 1.6 mol per mol of phosphine . The 
HCl amount in this range enables the production of the 
trialkylphosphonium tetraphenylborate (I) in a high yield. 

The reaction of HCl is desirably carried out while the 
solution is at -20 to 150°C, preferably 0 to 80°C and is 
continuously stirred for up to 24 hours, preferably 30 minutes 
to 5 hours at the temperature. The reaction under these - 
conditions enables the production of the trialkylphosphonium 
tetraphenylborate (I) in a high yield. 



SF-1113 

22 

[0023] 

The completion of the reaction in the 1st step may be 
determined by confirming the absence of unreacted 
trialkylphosphine (II) . Specifically, the organic phase is 
5 analyzed by gas chromatography or the like to determine the 
trialkylphosphine (II) in the organic phase. When the 
analysis confirms substantial absence of the remaining 
trialkylphosphine (II) , the reaction is terminated. When the 
trialkylphosphine (II) is still present in the organic phase, 

10 the reaction is preferably continued. 

The reaction solution takes various forms depending ..on 
the solvent used. For example, the solution may contain 
crystals of trialkylphosphine hydrochloride (III) (described 
later) , may be a uniform solution or a suspension, or may be 

15 a two-phase system consisting of an aqueous phase and an organic 
phase. In the case of the two-phase system consisting of an 
aqueous phase and an organic phase, the system is subjected 
to separation. In the case of other solution forms, separation 
may be performed as required by adding water, toluene, n-hexane, 

20 n-heptane or the like. The aqueous phase resulting from the 
separation may be washed with toluene, n-hexane, n-heptane or 
the like as required. 
[0024] 

The aqueous phase obtained by the reaction of the 1st 
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step contains a reaction intermediate dissolved therein that 
is assumed to be a trialkylphosphine hydrochloride represented 
by Formula (III) : 

(R 1 ) (R 2 ) (R 3 )PH-C1 (III) 
5 wherein R 1 , R 2 and R 3 are as defined in Formula (II). 

The formation of the trialkylphosphine hydrochloride 
(III) may be confirmed by, for example, a nuclear magnetic 
resonance spectrum ( 1 H-NMR) . 
[2nd step] 

10 The reaction intermediate trialkylphosphine 

hydrochloride (III) obtained in the 1st step is reacted with 
a tetraphenylborate compound (IV) under predetermined 
conditions to produce a trialkylphosphonium tetraphenylborate 
represented by Formula (I) : 

15 (R 1 ) (R 2 ) (R 3 )PH-BAr 4 (I) 

wherein R 1 , R 2 and R 3 are ethyl, n-butyl, tert-butyl or 
cyclohexyl groups, and are the same; and Ar is phenyl group. 
[0025] 

The tetraphenylborate compound (IV) used in the 2nd step 
20 is represented by Formula (IV) : 

M-BAr 4 (IV) 

wherein M is lithium, sodium, potassium, magnesium 
halide or calcium halide, and Ar is phenyl group. 

In Formula (IV) , M may be a magnesium halide or a calcium 
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halide, with examples including magnesium fluoride, magnesium 
chloride, magnesium bromide, magnesium iodide, calcium 
fluoride, calcium chloride, calcium bromide and calcium 
iodide . 

5 Specific examples of the tetraphenylborate compounds of 

Formula (IV) include lithium tetraphenylborate, sodium 
tetraphenylborate, potassium tetraphenylborate, 
tetraphenylborate magnesium fluoride, tetraphenylborate 
magnesium chloride, tetraphenylborate magnesium bromide, 

10 tetraphenylborate magnesium iodide, tetraphenylborate 
calcium fluoride, tetraphenylborate calcium chloride, 
tetraphenylborate calcium bromide and tetraphenylborate 
calcium iodide. The tetraphenylborate compounds (IV) may be 
used singly or in combination of two or more kinds. 

15 [0026] 

Of the tetraphenylborate compounds (IV), sodium 
tetraphenylborate is particularly preferred. Sodium 
tetraphenylborate is preferable because of easy synthesis by 
known methods . 

2 0 The tetraphenylborate compounds (IV) may be used in an 

undiluted form, or may be diluted with a solvent. 

The solvent may be appropriately selected from the 
solvents used for dissolving the trialkylphosphines (II) . The 
solvents may be used singly or in combination of two or more 
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kinds . 

Specifically, the 2nd step involving the above raw 
materials is performed by mixing the aqueous solution of the 
reaction intermediate assumed to be the trialkylphosphine 
5 hydrochloride (III) , with the tetraphenylborate compound (IV) 
thereby to react the compound (III) with the compound (IV) under 
predetermined conditions . 
[0027] 

The addition sequence of the aqueous solution obtained 
10 in the 1st step and the tetraphenylborate compound (IV) is not 
particularly limited. The addition method is not particularly 
limited, and the material may be added all at once or may be 
added dropwise intermittently or continuously. 

In the 2nd step, the desirable requirement of the 
15 tetraphenylborate compound (IV) , desirable temperature for 
smooth reaction, and desirable time to complete the reaction 
vary depending on the type of the raw material compound 
trialkylphosphine (II) used, amount of hydrogen chloride gas 
or hydrochloric acid, and type of the tetraphenylborate 
20 compound (IV), and are selected appropriately. 

The amount of the tetraphenylborate compound (IV) varies 
depending on the type of the trialkylphosphine (II) used in 
the 1st step, and is desirably in the range of 0.55 to 5.5 mol, 
preferably 0.85 to 1 . 65 mol per mol of phosphine . Particularly 
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preferably, the compound is used in an amount of at least 1 
mol per mol of HC1 used. The amount of the tetraphenylborate 
compound (IV) in this range enables the production of the 
trialkylphosphonium tetraphenylborate (I) in a high yield. 
5 [0028] 

The reaction of the tetraphenylborate compound (IV) is 
desirably carried out while the reaction solution is at -20 
to 150°C, preferably 0 to 80°C and is continuously stirred for 
up to 24 hours, preferably 1 to 5 hours at the temperature. 

10 The reaction under these conditions enables the production of 
the trialkylphosphonium tetraphenylborate (I) in a high yield. 

After the completion of the reaction, purification such 
as recrystallization or column chromatography is performed, 
and consequently the objective trialkylphosphonium 

15 tetraphenylborate (I) of Formula (I) can be obtained with high 
purity: 

(R 1 ) (R 2 ) (R 3 )PH-BAr 4 (I) 

wherein R 1 , R 2 and R 3 are ethyl, n-butyl, tert-butyl or 
cyclohexyl groups, and are the same; and Ar is phenyl group. 
20 [0029] 

According to the embodiment 1, the trialkylphosphonium 
tetraphenylborate (I) can be obtained in a high yield, 
specifically in a yield of about 87 to 93 mol% in terms of 
trialkylphosphine (II) . 
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Examples of the trialkylphosphonium tetraphenylborates 
(I) of Formula (I) produced according to the embodiment 1 of 
the first production process include triethylphosphonium 
tetraphenylborate, tri-n-butylphosphonium tetraphenylborate, 
5 tri-tert-butylphosphonium tetraphenylborate and 
tricyclohexylphosphonium tetraphenylborate . 

Next, the embodiment 2 for producing the novel 
phosphonium borate compound will be described. 
[0030] 
10 (Embodiment 2) 
[1st step] 

In the 1st step, a phosphine (II) and HCl are reacted 
under predetermined conditions. These components will be 
described below. 
15 The phosphine (II) used as a raw material in the 

production process is represented by Formula (II) : 
(R 1 ) (R 2 ) (R 3 ) P (II) 

In Formula (II), R 1 is as described below. 

R 1 may be a secondary alkyl group, desirably a secondary 
20 alkyl group having 3 to 20, preferably 3 to 11 carbon atoms. 
The secondary alkyl groups include isopropyl, sec-butyl, 
2-pentyl, 3-pentyl, 2-hexyl and 3-hexyl . 
[0031] 

R 1 may be a tertiary alkyl group, desirably a tertiary 
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alkyl group having 4 to 20, preferably 4 to 11 carbon atoms. 
The tertiary alkyl groups include tert-butyl, tert-amyl, 

1. 1- dimethylbutyl, 3~methyl-3-pentyl and 
1,1/ 2-trimethylpropyl . 

i 

R 1 may be a cycloalkyl group, desirably a cycloalkyl group 
having 3 to 20, preferably 3 to 11 carbon atoms . The cycloalkyl 
groups include cyclopropyl, cyclopentyl, cyclohexyl, 

1- methylcyclohexyl, 2-methylcyclohexyl, 1- adamant yl, 

2- methyl-l-adamantyl, 2-adamantyl, l-methyl-2-adamantyl and 
2~methyl-2-adamantyl . R 1 is not limited to the groups 
described above. 

[0032] 

In Formula (II), R 2 is as described below. 

R 2 may be a primary alkyl group, desirably a primary alkyl 
group having 1 to 20, preferably 1 to 8 carbon atoms. The 
primary alkyl groups include methyl, ethyl, n-propyl, n-butyl, 
isobutyl, n-pentyl, isopentyl, n-hexyl, 2-methyl-l-pentyl , 

2. 2- diethyl-l-ethyl, n-heptyl and n-octyl . 

R 2 may be a secondary alkyl group, desirably a secondary 
alkyl group having 3 to 20, preferably 3 to 11 carbon atoms. 
The secondary alkyl groups include isopropyl, sec-butyl, 
2-pentyl, 3-pentyl, 2-hexyl and 3-hexyl. 
[0033] 

R 2 may be a tertiary alkyl group, desirably a tertiary 
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alkyl group having 4 to 20, preferably 4 to 11 carbon atoms. 
The tertiary alkyl groups include tert-butyl, tert-amyl, 
1, 1-dimethylbutyl, 3-methyl-3-pentyl and 
1,1, 2-trimethylpropyl . 
5 R 2 may be a cycloalkyl group, desirably a cycloalkyl group 

having 3 to 20, preferably 3 to 11 carbon atoms. The cycloalkyl 
groups include cyclopropyl, cyclopentyl, cyclohexyl, 

1- methylcyclohexyl , 2-methylcyclohexyl, 1-adamantyl, 

2- methyl-l-adamantyl, 2-adamantyl , l-methyl-2-adamantyl and 
10 2-methyl-2-adamantyl . 

[0034] 

R 2 may be an aralkyl group, desirably an aralkyl group 
having 7 to 20, preferably 7 to 12 carbon atoms. The aralkyl 
groups include benzyl, 1-phenylethyl , 2-phenylethyl, 
15 2-ethenylbenzyl , 3-ethenylbenzyl, 4-ethenylbenzyl, 

4- (2-ethenylphenyl ) butyl, 4- ( 3-ethenylphenyl ) butyl and 
4- ( 4-ethenylphenyl ) butyl . 

R 2 may desirably be an allyl group having 3 to 20, 
preferably 3 to 8 carbon atoms. The allyl groups include allyl 
20 and 2-octenyl . R 2 is not limited to the groups described above . 

In Formula (II), R 3 is as described below. 
R 3 may be a primary alkyl group, desirably a primary alkyl 
group having 1 to 20, preferably 1 to 8 carbon atoms. The 
primary alkyl groups include methyl , ethyl, n-propyl, n-butyl, 
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isobutyl, n-pentyl, isopentyl, n-hexyl, 2-methyl-l-pentyl , 

2. 2- diethyl-l-ethyl, n-heptyl and n-octyl . 
[0035] 

R 3 may be a secondary alkyl group, desirably a secondary 
5 alkyl group having 3 to 20, preferably 3 to 11 carbon atoms. 
The secondary alkyl groups include isopropyl, sec-butyl, 
2-pentyl, 3-pentyl, 2-hexyl and 3-hexyl. 

R 3 may be a tertiary alkyl group, desirably a tertiary 
alkyl group having 4 to 20, preferably 4 to 11 carbon atoms. 
10 The tertiary alkyl groups include tert-butyl, tert-amyl, 
1, 1-dimethylbutyl, 3-methyl-3-pentyl and 
1,1, 2- tr imethylpropyl . 

R 3 may be a cycloalkyl group, desirably a cycloalkyl group 
having 3 to 20, preferably 3 to 11 carbon atoms. The cycloalkyl 
15 groups include cyclopropyl, cyclopentyl, cyclohexyl, 

1- methylcyclohexyl , 2-methylcyclohexyl , 1-adamantyl , 

2- methyl-l-adamantyl, 2-adamantyl, l-methyl-2-adamantyl and 
2-methyl-2-adamantyl . 

[0036] 

20 R 3 may be an aryl group, desirably an aryl group having 

6 to 30, preferably 6 to 22 carbon atoms. The aryl groups 
include phenyl, ortho-tolyl, meta-tolyl, para-tolyl, 

2.3- xylyl, 2,4-xylyl, 2,5-xylyl, 2, 6-xylyl, 3,4-xylyl, 
3,5-xylyl, mesityl, 2-tert-butylphenyl, 3-tert-butylphenyl , 
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4-tert-butylphenyl, 2-ethenylphenyl, 3-ethenylphenyl , 
4-ethenylphenyl, 2-biphenylyl , 3-biphenylyl , 4-biphenylyl, 

1- naphthyl, 2-naphthyl, 1, 1' -binaphthalene-2-yl , 

2- methoxyphenyl , 3-methoxyphenyl , 4-methoxyphenyl , 
5 2-tert-butoxyphenyl , 3-tert-butoxyphenyl, 

4- tert-butoxyphenyl , 2-dimethylaminophenyl , 

3- dimethylaminophenyl , 4 -dimethyl aminophenyl , 

2 ' -dimethylamino~2-biphenylyl , 8-dimethylamino-l-naphthyl 
and 2' -dimethylamino-1 , l f -binaphthalene-2-yl . 
10 [0037] 

R 3 may be an aralkyl group, desirably an aralkyl group 
having 7 to 20, preferably 7 to 12- carbon atoms. The aralkyl 
groups include benzyl, 1-phenylethyl , 2-phenylethyl, 
2-ethenylbenzyl , 3-ethenylbenzyl , 4-ethenylbenzyl , 
15 4- (2-ethenylphenyl) butyl, 4- (3-ethenylphenyl) butyl and 

4- (4-ethenylphenyl) butyl . 

R 3 may be an alkenyl group, desirably an alkenyl group 
having 2 to 20, preferably 2 to 8 carbon atoms. The alkenyl 
groups include vinyl, methallyl and 1-octenyl. 
20 R 3 may be an alkynyl group, desirably an alkynyl group 

having 2 to 20, preferably 2 to 8 carbon atoms. The alkynyl 
groups include ethynyl, 1-propynyl and 1-octynyl. 
[0038] 

R 3 may desirably be an allyl group having 3 to 20, 
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preferably 3 to 8 carbon atoms. The allyl groups include allyl 
and 2-octenyl . R 3 is not limited to the groups described above . 

As long as R 1 , R 2 and R 3 are selected from the above groups, 
they may have an arbitrary combination in terms of carbon atom 
5 numbers. 

Specific examples of the phosphines (II) represented by 

Formula (II) are shown in Tables 1-1 to 4-2 which will be 

presented later. 

Specifically, preferred phosphines (II) include 
10 di-tert-butylmethylphosphine, tri-tert-butylphosphine, 

di-tert-butylethylphosphine, 

n-butyl-di-tert-butylphosphine, 

n-butyl-dicyclohexylphosphine, 

sec-butyl-di-tert-butylphosphine, 
1 5 cyclohexyl-di-tert-butylphosphine, 

di-tert-butyl-n-octylphosphine, 

di-tert-butylphenylphosphine, 

2-biphenylyl-di-tert-butylphosphine, 

di-tert-butyl-l-naphthylphosphine, 
2 0 benzyl -di-tert-butylphosphine, 

di-tert-butyl ( 4-ethenylbenzyl ) phosphine, 

di-tert-butylvinylphosphine, allyl-di-tert-butylphosphine, 
tricyclopentylphosphine, tricyclohexylphosphine and 
triisopropylphosphine . Di-tert-butylmethylphosphine, 
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tri-tert-butylphosphine, tricyclohexylphosphine and 
triisopropylphosphine are more preferable. These phosphines 
(II) are preferable because of easy availability of raw 
materials . 
5 [0039] 

The phosphine compounds of Formula (II) may be produced 
by or according to known methods. 

Examples of such methods include, but are not limited 
to, reaction of phosphinas halides and organo Grignard 
10 reagents, reaction of phosphinas halides and organolithium 
reagents, and reaction of phosphines and olefins. The 
phosphines (II) synthesized by the above reactions may be 
purified prior to use, or may be used without purification. 

The phosphines (II) may be used in an undiluted form, 
15 or may be diluted with a solvent. Herein, the diluting 
solvents include solvents contained in the unpurified 
phosphines (II) . The unpurified phosphines (II) may be 
further diluted with a solvent. 
[0040] 

20 The solvents are not particularly limited as long as they 

can dissolve reaction substrates and are inert to the reaction 
substrates. Examples thereof include water; alcohol solvents 
such as methanol, ethanol and octanol; aliphatic hydrocarbon 
solvents such as hexane, heptane and isooctane; aromatic 
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hydrocarbon solvents such as benzene, toluene and xylene; 
ether solvents such as tetrahydrof uran and dibutyl ether; 
halogenated hydrocarbon solvents such as chloroform and 
tetrachloromethane; dimethylsulf oxide and dimethyl formamide . 
5 The solvents may be used singly or in combination of two or 
more kinds . 

HCl used in the production process may be hydrochloric 
acid or hydrogen chloride gas. The HCl concentration in 
hydrochloric acid is not particularly limited, and is 
10 desirably in the range of 0.1 to 37% by weight, preferably 10 
to 37% by weight. 
[0041] 

The 1st step involving the above raw materials is 
performed in a reactor purged with an inert gas such as nitrogen 

15 or argon. The addition sequence of the raw materials is not 
particularly limited. For example, HCl may be added to the 
phosphine (II), or the phosphine (II) may be added to HCl . When 
HCl is hydrochloric acid, the addition method is not 
particularly limited, and it may be added all at once or may 

20 be added dropwise intermittently or continuously. The 

hydrogen chloride gas may be easily added by being blown into 
the phosphine (II). 

In the 1st step, the desirable HCl requirement, desirable 
temperature for smooth reaction, and desirable time to 
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complete the reaction vary depending on the type of the 
phosphine (II) used, and are selected appropriately. 

The HC1 amount varies depending on the type of the 
phosphine (II) , and is desirably in the range of 0 . 5 to 5 mol, 
5 preferably 0.8 to 1.6 mol per mol of phosphine . The HCl amount 
in this range enables the production of the phosphonium borate 
compound (I) in a high yield. 
[0042] 

The reaction of HCl is desirably carried out while the 
10 solution is at -20 to 150°C / preferably 0 to 80°C and is 

continuously stirred for up to 24 hours, preferably 30 minutes 
to 5 hours at the temperature. The reaction under these 
conditions enables the production of the phosphonium borate 
compound (I) in a high yield. 
15 The completion of the reaction in the 1st step may be 

determined by confirming the absence of unreacted phosphine 
(II) . Specifically, the organic phase is analyzed by gas 
chromatography or the like to determine the phosphine (II) in 
the organic phase. When the analysis confirms substantial 
20 absence of the remaining phosphine (II), the reaction is 

terminated. When the phosphine is still present in the organic 
phase, the reaction is preferably continued. 

The reaction solution takes various forms depending on 
the solvent used. For example, the solution may contain 



crystals of phosphine hydrochloride (III) (described later), 
may be a uniform solution or a suspension, or may be a two-phase 
system consisting of an aqueous phase and an organic phase. 
In the case of the two-phase system consisting of an aqueous 
phase and an organic phase, the phosphine hydrochloride (III) 
passes into the aqueous phase and therefore the aqueous phase 
is subjected to separation. In the case of other solution 
forms, separation may be performed as required by adding water, 
toluene,, n-hexane, n-heptane or the like. The aqueous phase 
resulting from the separation may be washed with toluene, 
n-hexane, n-heptane or the like as required. 
[0043] 

The aqueous phase obtained by the reaction of the 1st 
step contains a reaction intermediate dissolved therein that 
is assumed to be a phosphine hydrochloride (III) represented 
by Formula (III) : 

(R 1 ) (R 2 ) (R 3 ) PH-C1 (III) 

wherein R 1 , R 2 and R 3 are as defined in Formula (II) . 

The formation of the phosphine hydrochloride (III) may 
be confirmed by, for example, a nuclear magnetic resonance 
spectrum ( 1 H-NMR) . 
[2nd step] 

The reaction intermediate that is assumed to be the 
phosphine hydrochloride (III) obtained in the 1st step is 
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reacted with a tetraarylborate compound (IV) under 
predetermined conditions to produce a novel phosphonium borate 
compound (I) of the present invention. 
[0044] 

5 The tetraarylborate compound (IV) used in the 2nd step 

is represented by Formula (IV) : 
M-BAr 4 (IV) 

In Formula (IV) , M may be a magnesium halide or a calcium 
halide, with examples including magnesium fluoride, magnesium 
10 chloride, magnesium bromide, magnesium iodide, calcium 
fluoride, calcium chloride, calcium bromide and calcium 
iodide . 

Ar is desirably an aryl group having 6 to 20, preferably 
6 to 10 carbon atoms. Specific examples include phenyl, 

15 ortho-tolyl, meta-tolyl, para-tolyl, 2,3-xylyl, 2,4-xylyl, 
2,5-xylyl, 2,6-xylyl, 3,4-xylyl, 3,5-xylyl, mesityl, 
2-tert-butylphenyl, 3-tert-butylphenyl, 4-tert-butylphenyl , 
2-methoxyphenyl, 3-methoxyphenyl , 4-methoxyphenyl, 
2-tert-butoxyphenyl , 3-tert-butoxyphenyl and 

20 4-tert-butoxyphenyl . 
[0045] 

The tetraarylborate compound (IV) is selected 
appropriately such that in the phosphonium borate compound (I) 
of Formula (I) , R 1 , R 2 and R 3 are not tert-butyl groups 
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simultaneously and Ar is not phenyl group at the same time, 
and R 1 , R 2 and R 3 are not cyclohexyl groups simultaneously and 
Ar is not phenyl group at the same time. 

Specific examples of the tetraarylborate compounds 
5 represented by Formula (IV) are shown in Tables 5 to 10 which 
will be presented later. These tetraarylborate compounds may 
be used singly or in combination of two or more kinds. 

Of the tetraarylborate compounds (IV) , sodium 
tetraphenylborate and sodium tetra-para-tolylborate are 
10 particularly preferable . The tetraarylborate compounds (IV) 
are preferable because of easy synthesis by known methods. 
[0046] 

The tetraarylborate compounds (IV) may be used in an 
undiluted form, or may be diluted with a solvent. 
15 The solvent may be appropriately selected from the 

solvents used for dissolving the phosphines (II) . The 
solvents may be used singly or in combination of two or more 
kinds . 

Specifically, the 2nd step involving the above raw 
20 materials is performed by mixing the aqueous solution of the 
reaction intermediate assumed to be the phosphine 
hydrochloride (III), with the tetraarylborate compound (IV) 
thereby to react the compound (III) with the compound (IV) under 
predetermined conditions . 
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The addition sequence of the aqueous solution obtained 
in the 1st step and the tetraarylborate compound (IV) is not 
particularly limited. The addition method is not particularly 
limited, and the material may be added all at once or may be 
5 added dropwise intermittently or continuously. 
[0047] 

In the 2nd step, the desirable requirement of the 
tetraarylborate compound (IV), desirable temperature for 
smooth reaction, and desirable time to complete the reaction 
10 vary depending on the type of the raw material compound 
phosphine ( II ) used, amount of hydrogen chloride gas or 
hydrochloric acid, and type of the tetraarylborate compound 
(IV) , and are selected appropriately. 

The amount of the tetraarylborate compound (IV) varies 

* 

15 depending on the type of the phosphine (II) used in the 1st 
step, and is desirably in the range of 0.55 to 5.5 mol, 
preferably 0 . 85 to 1 . 65 mol per mol of phosphine . Particularly 
preferably, the compound is used in an amount of at least 1 
mol per mol of HC1 used. The amount of the tetraarylborate 

2 0 compound (IV) in this range enables the production of the 
phosphonium borate compound (I) in a high yield. 
[0048] 

The reaction of the tetraarylborate compound (IV) is 
desirably carried out while the reaction solution is at -20 
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to 150°C, preferably 0 to 80°C and is continuously stirred for 
up to 2 4 hours, preferably 1 to 5 hours at the temperature. 
The reaction under these conditions enables the production of 
the phosphonium borate compound (I) in a high yield. 

After the completion of the reaction, purification such 
as recrystallization or column chromatography is performed, 
and consequently the objective novel phosphonium borate 
compound (I) of Formula (I) can be obtained with high purity: 
(R 1 ) (R 2 ) (R 3 )PH-BAr 4 (I) 

wherein R 1 , R 2 and R 3 are as defined in Formula (II) ; Ar 
is as defined in Formula (IV) ; R 1 , R 2 and R 3 cannot be tert-butyl 
groups simultaneously and Ar cannot be phenyl group at the same 
time; and R 1 , R 2 and R 3 cannot be cyclohexyl groups 
simultaneously and Ar cannot be phenyl group at the same time. 

According to the embodiment 2, the novel phosphonium 
borate compound (I) can be obtained in a high yield, 
specifically in a yield of about 76 to 89 mol% in terms of 
phosphine (II) . 
[0049] 

The novel phosphonium borate compound produced 
according to the embodiment 2 of the first production process 
will be described later. 
<Second production process> 

The second process for producing a phosphonium borate 
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compound includes: 

reacting a phosphine with H 2 S0 4 to produce a phosphine 
sulfate, the phosphine being represented by Formula (II) : 
(R 1 ) (R 2 ) (R 3 )P (II) 
5 wherein R 1 is a primary alkyl group of 1 to 20 carbon 

atoms, a secondary alkyl group of 3 to 2 0 carbon atoms, a 
tertiary alkyl group of 4 to 20 carbon atoms, or a cycloalkyl 
group of 3 to 2 0 carbon atoms; 

R 2 is a hydrogen atom, a primary alkyl group of 1 to 2 0 
10 carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 20 carbon atoms, an aralkyl group of 7 to 20 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; 

R 3 is a hydrogen atom, a primary alkyl group of 1 to 20 
15 carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 2 0 carbon atoms, an aryl group of 6 to 30 carbon 
atoms, an aralkyl group of 7 to 20 carbon atoms, an alkenyl 
group of 2 to 2 0 carbon atoms, an alkynyl group of 2 to 2 0 carbon 
2 0 atoms, or an allyl group of 3 to 2 0 carbon atoms; and 

R 1 , R 2 and R 3 may be the same or different from one another; 
the phosphine sulfate being represented by Formula (V) : 
[ (R 1 ) (R 2 ) (R 3 ) PH] (2 -n) -H n S0 4 (V) 

wherein R 1 , R 2 and R 3 are as defined in Formula (II) , and 
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n is an integer of 0 or 1; 
and 

reacting the phosphine sulfate with a tetraarylborate 
compound represented by Formula (IV) : 
5 M ■ BAr 4 (IV) 

wherein M is lithium, sodium, potassium, magnesium 
halide or calcium halide, and Ar is an aryl group of 6 to 2 0 
carbon atoms; 

the phosphonium borate compound being represented by 
10 Formula (I) : 
■ [0050] 

(R 1 ) (R 2 ) (R 3 ) PH-BAr 4 (I) 

wherein R 1 , R 2 and R 3 are as defined in Formula (II) , and 
Ar is as defined in Formula (IV). 
15 Specifically, the second process for producing a 

phosphonium borate compound (I) includes: 

a 1' st step in which the phosphine (II) is reacted with 
H 2 S0 4 to give the phosphine sulfate (V) ; and 

a 2'nd step in which the compound (V) is reacted with 
20 the tetraarylborate compound (IV) to produce the phosphonium 
borate compound (I) , as illustrated in the reaction formula 
below : 

[0051] [Chem. 2] 



SF-1113 



43 



(R 1 )(R 2 )(R 3 )P 



H 2 S0 4 



[ (R 1 )(R 2 )(R 3 )PH ] 2 . n -HnS0 4 

(V) 



(ID 



M-BAr 4 (IV) 



*-(R 1 )(R 2 )(R 3 )PH-BAr 4 

(I) 



[0052] 



The second production process can produce the 
phosphonium borate compound (I) in a high yield. The reason 
for this effect is not clear, but is probably that a side 
reaction that takes place when the compound (II), H 2 S0 4 and 
the compound (IV) are added at the same time can be 
substantially avoided. 

The second process for producing a phosphonium borate 
compound (I) will be described below with reference to an 
embodiment 1 for producing the trialkylphosphonium 
tetraphenylborate and an embodiment 2 for producing the novel 
phosphonium borate compound. 

( Embodiment 1 ) 

[1'st step] 

In the l'st step, a trialkylphosphine (II) and H 2 S0 4 are 
reacted under predetermined conditions. 
[0053] 



These components will be described below. 

The trialkylphosphine (II) used as a raw material in the 
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i 

production process is represented by Formula (II) : 
(R 1 ) (R 2 ) (R 3 )P (II) 

wherein R 1 , R 2 and R 3 are ethyl, n-butyl, tert-butyl or 
cyclohexyl groups, and are the same. Examples of the 
5 trialkylphosphines (II) include those described in the 
embodiment 1 of the first production process . 

H 2 S0 4 used in the production process may be sulfuric acid. 
The concentration thereof is not particularly limited, and is 
desirably in the range of 0.1 to 95% by weight, preferably 10 
10 to 40% by weight. 
[0054] 

The l'st step involving the above raw materials is 
performed in a reactor purged with an inert gas such as nitrogen 
or argon. The addition sequence of the raw materials is not 

15 particularly limited. For example, sulfuric acid may be added 
to the trialkylphosphine (II), or the trialkylphosphine (II) 
may be added to sulfuric acid. The addition method is not 
particularly limited, and the material may be added all at once 
or may be added dropwise intermittently or continuously.- 

20 In the l'st step, the desirable H 2 S0 4 requirement, 

desirable temperature for smooth reaction, and desirable time 
to complete the reaction vary depending on the type of the 
trialkylphosphine (II) used, and are selected appropriately. 
The H 2 S0 4 amount varies depending on the type of the 
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trialkylphosphine (II) , and is desirably in the range of 0.25 
to 2.5 mol, preferably 0.4 to 0.8 mol per mol of phosphine. 
The H 2 S0 4 amount in this range enables the production of the 
trialkylphosphonium tetraphenylborate (I) in a high yield. 
5 [0055] 

The reaction of sulfuric acid is desirably carried out 
while the solution is at -20 to 150°C, preferably 0 to 80°C 
and is continuously stirred for up to 24 hours, preferably 30 
minutes to 5 hours at the temperature. The reaction under 

10 these conditions enables the production of the 

trialkylphosphonium tetraphenylborate (I) in a high yield. 

The completion of the reaction in the l'st step may be 
determined by confirming the absence of unreacted 
trialkylphosphine (II) . Specifically, the organic phase is 

15 analyzed by gas chromatography or the like to determine the 
trialkylphosphine (II) in the organic phase. When the 
analysis confirms substantial absence of the remaining 
trialkylphosphine (II) , the reaction is terminated. When the 
trialkylphosphine (II) is still present in the organic phase, 

20 the reaction is preferably continued. 
[0056] 

The reaction solution takes various forms depending on 
the solvent used. For example, the solution may contain 
crystals of trialkylphosphine sulfate (V) (described later) , 
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may be a uniform solution or a suspension, or may be a two-phase 
system consisting of an aqueous phase and an organic phase. 
In the case of the two-phase system consisting of an aqueous 
phase and an organic phase, the system is subjected to 
5 separation. In the case of other solution forms, separation 
may be performed as required by adding water, toluene, n-hexane, 
n-heptane or the like. The aqueous phase resulting from the 
separation may be washed with toluene, n-hexane, n-heptane or 
the like as required. 

10 The aqueous phase obtained by the reaction of the l'st 

step contains a reaction intermediate dissolved therein that 
is assumed to be a trialkylphosphine sulfate (V) represented 
by Formula (V) : 

[ (R 1 ) (R 2 ) (R 3 ) PH] {2 _ n) -H n S0 4 (V) 

15 wherein R 1 , R 2 and R 3 are as defined in Formula (II) , and 

n is an integer of 0 or 1. 
[0057] 

The formation of the trialkylphosphine sulfate (V) may 
be confirmed by, for example, a nuclear magnetic resonance 
20 spectrum ( 1 H-NMR) . 
[2'nd step] 

The reaction intermediate trialkylphosphine sulfate (V) 
obtained in the l'st step is reacted with a tetraphenylborate 
compound (IV) under predetermined conditions to produce a 
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trialkylphosphonium tetraphenylborate represented by Formula 
(I) : 

(R 1 ) (R 2 ) (R 3 )PH-BAr 4 (I) 

wherein R 1 , R 2 and R 3 are ethyl, n-butyl, tert-butyl or 
5 cyclohexyl groups, and are the same; and Ar is phenyl group. 
[0058] 

The tetraphenylborate compound (IV) used in the 2'ndstep 
is represented by Formula (IV) : 
M-BAr 4 (IV) 

10 wherein M is lithium, sodium, potassium, magnesium 

halide or calcium halide, and Ar is phenyl group. Examples 
thereof include those described in the embodiment 1 of the first 
production process. 

Specifically, the 2'nd step involving the above raw 

15 materials is performed by mixing the aqueous solution of the 
reaction intermediate assumed to be the trialkylphosphine 
sulfate (V) , with the tetraphenylborate compound (IV) thereby 
to react the compound (V) with the compound (IV) under 
predetermined conditions . 

20 The addition sequence of the aqueous solution obtained 

in the l'st step and the tetraphenylborate compound (IV) is 
not particularly limited. The addition method is not 
particularly limited, and the material may be added all at once 
or may be added dropwise intermittently or continuously. 
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[0059] 

In the 2'nd step, the desirable requirement of the 
tetraphenylborate compound (IV) , desirable temperature for 
smooth reaction, and desirable time to complete the reaction 
5 vary depending on the type of the raw material compound 

trialkylphosphine (II) used, amount of sulfuric acid, and type 
of the tetraphenylborate compound (IV), and are selected 
appropriately. 

The amount of the tetraphenylborate compound (IV) varies 

10 depending on the type of the trialkylphosphine (II) used in 
the l'st step, and is desirably in the range of 0.55 to 5.5 
mol, preferably 0.85 to 1.65 mol per mol of phosphine. 
Particularly preferably, the compound is used in an amount of 
at least 2 mol per mol of H 2 S0 4 used. The amount of the 

15 tetraphenylborate compound (IV) in this range enables the 
production of the trialkylphosphonium tetraphenylborate (I) 
in a high yield. 
[0060] 

The reaction of the tetraphenylborate compound (IV) is 
20 desirably carried out while the reaction solution is at -20 
to 150°C, preferably 0 to 80°C and is continuously stirred for 
up to 24 hours, preferably 1 to 5 hours at the temperature. 
The reaction under these conditions enables the production of 
the trialkylphosphonium tetraphenylborate (I) in a high yield . 
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After the completion of the reaction, purification such 
as recrystallization or column chromatography is performed, 
and consequently the objective trialkylphosphonium 
tetraphenylborate (I) of Formula (I) can be obtained with high 
5 purity: 

(R 1 ) (R 2 ) (R 3 ) PH-BAr 4 (I) 

wherein R 1 , R 2 and R 3 are ethyl, n-butyl, tert-butyl or 
cyclohexyl groups, and are the same; and Ar is phenyl group. 
[0061] 

10 According to the embodiment 1, the trialkylphosphonium 

tetraphenylborate (I) can be obtained in a high yield, 
specifically in a yield of about 87 to 93 mol% in terms of 
trialkylphosphine (II) . 

Examples of the trialkylphosphonium tetraphenylborates 

15 (I) of Formula (I) produced according to the embodiment 1 of 
the second production process include triethylphosphonium 
tetraphenylborate, tri-n-butylphosphonium tetraphenylborate, 
tri-tert-butylphosphonium tetraphenylborate and 
tricyclohexylphosphonium tetraphenylborate . 

2 0 Next, the embodiment 2 for producing the novel 

phosphonium borate compound will be described. 
[0062] 

(Embodiment 2) 
[l'st step] 
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In the l'st step, a phosphine (II) and H 2 S0 4 are reacted 
under predetermined conditions. These components will be 
described below. 

The phosphine (II) used as a raw material in the 
production process is represented by Formula (II) : 

(R 1 ) (R 2 ) (R 3 )P (II) 

wherein R 1 is a secondary alkyl group of 3 to 20 carbon 
atoms, a tertiary alkyl group of 4 to 20 carbon atoms, or a 
cycloalkyl group of 3 to 2 0 carbon atoms; 

R 2 is a hydrogen atom, a primary alkyl group of 1 to 2 0 
carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 20 carbon atoms, an aralkyl group of 7 to 20 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; 

R 3 is a hydrogen atom, a primary alkyl group of 1 to 20 
carbon atoms, a secondary alkyl group of 3 to 2 0 carbon atoms, 
a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 20 carbon atoms, an aryl group of 6 to 30 carbon 
atoms, an aralkyl group of 7 to 20 carbon atoms, an alkenyl 
group of 2 to 2 0 carbon atoms, an alkynyl group of 2 to 2 0 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; and 

R 1 , R 2 and R 3 may be the same or different from one another . 
Examples of the phosphines (II) include those described in the 
embodiment 2 of the first production process. 
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[0063] 

H 2 S0 4 may be sulfuric acid. The concentration thereof 
is not particularly limited, and is desirably in the range of 
0.1 to 95% by weight, preferably 10 to 40% by weight. 
5 The l'st step involving the above raw materials is 

performed in a reactor purged with an inert gas such as nitrogen 
or argon. The addition sequence of the raw materials is not 
particularly limited. For example, sulfuric acid may be added 
to the phosphine (II), or the phosphine (II) may be added to 

10 sulfuric acid. The addition method is not particularly 

limited, and the material may be added all at once or may be 
added dropwise intermittently or continuously. 

In the l'st step, the desirable H 2 S0 4 requirement, 
desirable temperature for smooth reaction, and desirable time 

15 to complete the reaction vary depending on the type of the 
phosphine (II) used, and are selected appropriately. 
[0064] 

The amount of sulfuric acid varies depending on the type 
of the phosphine (II), and is desirably in the range of 0.25 
20 to 2 . 5 mol, preferably 0.4 to 0.8 mol per mol of phosphine. 
The H 2 S0 4 amount in this range enables the production of the 
phosphonium borate compound (I) in a high yield. 

The reaction of H 2 S0 4 is desirably carried out while the 
solution is at -20 to 150°C, preferably 0 to 80°C and is 
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continuously stirred for up to 24 hours, preferably 30 minutes 
to 5 hours at the temperature. The reaction under these 
conditions enables the production of the phosphonium borate 
compound (I) in a high yield. 
5 The completion of the reaction in the l'st step may be 

determined by confirming the absence of unreacted phosphine 

(II) . Specifically, the organic phase is analyzed by gas 
chromatography or the like to determine the phosphine (II) in 
the organic phase. When the analysis confirms substantial 
10 absence of the remaining phosphine (II) , the reaction is 

terminated. When the phosphine is still present in the organic 
phase, the reaction is preferably continued. 

[0065] 

The reaction solution takes various forms depending on 
15 the solvent used. For example, the solution may contain 

crystals of phosphine sulfate (V) (described later), may be 
a uniform solution or a suspension, or may be a two-phase system 
consisting of an aqueous phase and an organic phase. In the 
case of the two-phase system consisting of an aqueous phase 
20 and an organic phase, the phosphine sulfate (V) passes into 
the aqueous phase and therefore the aqueous phase is subjected 
to separation. In the case of other solution forms, separation 
may be performed as required by adding water, toluene, n-hexane, 
n-heptane or the like. The aqueous phase resulting from the 
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separation may be washed with toluene, n-hexane, n-heptane or 
the like as required. 

The aqueous phase obtained by the reaction of the l'st 
step contains a reaction intermediate dissolved therein that 
5 is assumed to be a phosphine sulfate (V) represented by Formula 
(V) : 

[(R 1 ) (R 2 ) (R 3 )PH] ( 2-n)-H n S0 4 (V) 

wherein R 1 , R 2 and R 3 are as defined in Formula (II) , and 
n is an integer of 0 or 1. 
10 [0066] 

The formation of the phosphine sulfate (V) may be 
confirmed by, for example, a nuclear magnetic resonance 
spectrum ( 1 H-NMR) . 
[2'nd step] 

15 The reaction intermediate that is assumed to be the 

phosphine sulfate (V) obtained in the l'st step is reacted with 
a tetraarylborate compound (IV) under predetermined 
conditions to produce a phosphonium borate compound (I) of the 
present invention . 

20 The tetraarylborate compound (IV) used in the 2'nd step 

is represented by Formula (IV) : 
M • BAr 4 (IV) 

wherein M is lithium, sodium, potassium, magnesium 
halide or calcium halide, and Ar is an aryl group of 6 to 20 
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carbon atoms. Examples of the tetraarylborate compounds 
include those described in the embodiment 2 of the first 
production process. 
[0067] 

Specifically, the 2'nd step involving the above raw 
materials is performed by mixing the aqueous solution of the 
reaction intermediate assumed to be'the phosphine sulfate (V) , 
with the tetraarylborate compound (IV). thereby to react the 
compound (V) with the compound (IV) under predetermined 
conditions . 

The addition sequence of the aqueous solution obtained 
in the l'st step and the tetraarylborate compound (IV) is not 
particularly limited. The addition method is not particularly 
limited, and the material may be added all at once or may be 
added dropwise intermittently or continuously. 

In the 2'nd step, the desirable requirement of the 
tetraarylborate compound (IV) , desirable temperature for 
smooth reaction, and desirable time to complete the reaction 
vary depending on the type of the raw material compound 
phosphine (II) used, amount of sulfuric acid, and type of the 
tetraarylborate compound (IV), and are selected 
appropriately. 
[0068] 

The amount of the tetraarylborate compound (IV) varies 
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depending on the type of the phosphine (II) used in the l'st 
step, and is desirably in the range of 0.55 to 5.5 mol, 
preferably 0 . 85 to 1 . 65 mol per mol of phosphine . Particularly 
preferably, the compound is used in an amount of at least 2 
5 mol per mol of H 2 S0 4 used. The amount of the tetraarylborate 
compound (IV) in this range enables the production of the 
phosphonium borate compound (I) in a high yield. 

The reaction of. the tetraarylborate compound (IV) is 
desirably carried out while the reaction solution is at -20 
10 to 150°C, preferably 0 to 80°C and is continuously stirred for 
up to 24 hours, preferably 1 to 5 hours at the temperature. 
The reaction under these conditions enables the production of 
the phosphonium borate compound (I) in a high yield. 
[0069] 

15 After the completion of the reaction, purification such 

as recrystallization or column chromatography is performed, 
and consequently the objective novel phosphonium borate 
compound (I) of Formula (I) can be obtained with high purity. 
The second production process can produce the novel 
20 phosphonium borate compound (I) in a high yield, specifically 
in a yield of about 80 to 85 mol% in terms of phosphine (II) . 

[Novel phosphonium borate compound] 
The novel phosphonium borate compound (I) of the present 
invention may be produced according to the embodiment 2 of the 



SF-1113 



56 



first production process and according to the embodiment 2 of 
the second production process. The phosphonium borate 
compound is represented by Formula (I): 
(R 1 ) (R 2 ) (R 3 ) PH-BAr 4 (I) 
5 wherein R 1 is a secondary alkyl group of 3 to 2 0 carbon 

atoms, a tertiary alkyl group of 4 to 20 carbon atoms, or a 
cycloalkyl group of 3 to 20 carbon atoms; 

R 2 is a hydrogen atom, a primary alkyl group of 1 to 2 0 
carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
10 a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 20 carbon atoms, an aralkyl group of 7 to 20 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; 

R 3 is a hydrogen atom, a primary alkyl group of 1 to 2 0 
carbon atoms, a secondary alkyl group of 3 to 20 carbon atoms, 
15 a tertiary alkyl group of 4 to 20 carbon atoms, a cycloalkyl 
group of 3 to 2 0 carbon atoms, an aryl group of 6 to 30 carbon 
atoms, an aralkyl group of 7 to 20 carbon atoms, an alkenyl 
group of 2 to 2 0 carbon atoms, an alkynyl group of 2 to 20 carbon 
atoms, or an allyl group of 3 to 2 0 carbon atoms; 
20 R 1 , R 2 and R 3 may be the same or different from one another; 

Ar is an aryl group of 6 to 2 0 carbon atoms; 

[0070] 

R 1 , R 2 and R 3 are not tert-butyl groups simultaneously 
and Ar is not phenyl group at the same time; and 



SF-1113 



57 



R 1 , R 2 and R 3 are not cyclohexyl groups simultaneously 
and Ar is not phenyl group at the same time. 
R^ 

In Formula (I), R 1 is as described below. 

R 1 may be a secondary alkyl group, desirably a secondary 
alkyl group having 3 to 20, preferably 3 to 11 carbon atoms. 
The secondary alkyl groups include isopropyl, sec-butyl, 
2-pentyl, 3-pentyl, 2-hexyl and 3-hexyl. 
[0071] 

R 1 may be a tertiary alkyl group, desirably a tertiary 
alkyl group having 4 to 20, preferably 4 to 11 carbon atoms. 
The tertiary alkyl groups include tert-butyl, tert-amyl, 
1, 1-dimethylbutyl, 3-methyl-3-pentyl and 
1, 1, 2-trimethylpropyl . 

R 1 may be a cycloalkyl group, desirably a cycloalkyl group 
having 3 to 20, preferably 3 to 11 carbon atoms. The cycloalkyl 
groups include cyclopropyl, cyclopentyl, cyclohexyl, 

1 - methyl cyclohexyl, 2 -methyl cyclohexyl , 1- adamant yl , 

2- methyl-l-adamantyl, 2-adamantyl, l-methyl-2-adamantyl and 
2-methyl-2-adamantyl . R 1 is not limited to the groups 
described above . 

[0072] 

In Formula (I), R 2 is as described below. 
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R 2 may be a primary alkyl group, desirably a primary alkyl 
group having 1 to 20, preferably 1 to 8 carbon atoms. The 
primary alkyl groups include methyl, ethyl, n-propyl, n-butyl, 
isobutyl, n-pentyl, isopentyl, n-hexyl, 2-methyl-l-pentyl, 
5 2, 2-diethyl-l-ethyl, n-heptyl and n-octyl . 

R 2 may be a secondary alkyl group, desirably a secondary 
alkyl group having 3 to 20, preferably 3 to 11 carbon atoms. 
The secondary alkyl groups include isopropyl, sec-butyl, 
2-pentyl, 3-pentyl, 2-hexyl and 3-hexyl. 
10 [0073] 

R 2 may be a tertiary alkyl group, desirably a tertiary 
alkyl group having 4 to 20, preferably 4 to 11 carbon atoms. 
The tertiary alkyl groups include tert-butyl, tert-amyl, 
1, 1-dimethylbutyl, 3-methyl-3-pentyl and 
15 1,1, 2-trimethylpropyl . 

R 2 may be a cycloalkyl group, desirably a cycloalkyl group 
having 3 to 20, preferably 3 to 11 carbon atoms . The cycloalkyl 
groups include cyclopropyl, cyclopentyl, cyclohexyl, . 

1- methylcyclohexyl, 2-methylcyclohexyl , 1- adamant yl, 

20 . 2 -methyl- 1-adamantyl , 2-adamantyl, l-methyl-2-adamantyl and 

2- methyl-2-adamantyl . 
[0074] 

R 2 may be an aralkyl group, desirably an aralkyl group 
having 7 to 20, preferably 7 to 12 carbon atoms. The aralkyl 
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groups include benzyl, 1-phenylethyl, 2-phenylethyl, 
2-ethenylbenzyl, 3-ethenylbenzyl, 4-ethenylbenzyl, 
4- (2-ethenylphenyl) butyl, 4- (3-ethenylphenyl) butyl and 
4- (4-ethenylphenyl) butyl . 
5 R 2 may desirably be an allyl group having 3 to 20, 

preferably 3 to 8 carbon atoms. The allyl groups include allyl 
and 2-octenyl . R 2 is not limited to the groups described above . 

In Formula (I), R 3 is as described below. 

* 

10 [0075] 

R 3 may be a primary alkyl group, desirably a primary alkyl 

group having 1 to 2 0, preferably 1 to 8 carbon atoms. The 

primary alkyl groups include methyl, ethyl, n-propyl, n-butyl, 

isobutyl, n-pentyl, isopentyl, n-hexyl, 2-methyl-l-pentyl , 
15 2, 2-diethyl-l-ethyl, n-heptyl and n-octyl. 

R 3 may be a secondary alkyl group, desirably a secondary 

alkyl group having 3 to 20, preferably 3 to 11 carbon atoms. 

The secondary alkyl groups include isopropyl, sec-butyl, 

2-pentyl, 3-pentyl, 2-hexyl and 3-hexyl. 
20 R 3 may be a tertiary alkyl group, desirably a tertiary 

alkyl group having 4 to 20, preferably 4 to 11 carbon atoms. 

The tertiary alkyl groups include tert-butyl, tert-amyl, 

1, 1-dimethylbutyl, 3-methyl-3-pentyl and 

1,1, 2-trimethylpropyl . 
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[0076] 

R 3 may be a cycloalkyl group, desirably a cycloalkyl group 
having 3 to 20, preferably 3 to 11 carbon atoms. The cycloalkyl 
groups include cyclopropyl, cyclopentyl, cyclohexyl, 
5 1-methylcyclohexyl , 2 -methyl eye lohexyl , 1- adamant yl , 

2-methyl- 1- adamant yl, 2-adamantyl, l-methyl-2-adamantyl and 
2-methyl-2-adamantyl . 

R 3 may be an aryl group, desirably an aryl group having 
6 to 30, preferably 6 to 22 carbon atoms. The aryl groups 

10 include phenyl, ortho-tolyl, meta-tolyl, para-tolyl, 

2,3-xylyl, 2,4-xylyl, 2,5-xylyl, 2,6-xylyl, 3,4-xylyl, 
3, 5-xylyl, mesityl, 2-tert-butylphenyl, 3-tert-butylphenyl , 
4-tert-butylphenyl , 2-ethenylphenyl , 3-ethenylphenyl , 
4-ethenylphenyl , 2 -biphenylyl , 3-biphenylyl , 4-biphenylyl , 

15 1-naphthyl, 2-naphthyl, 1, 1' -binaphthalene-2-yl, 

2 -me thoxyphenyl , 3-methoxyphenyl , 4 -methoxyphenyl , 

2- tert-butoxyphenyl , 3-tert-butoxyphenyl, 
4-tert-butoxyphenyl, 2-dimethylaminophenyl, 

3- dimethylaminophenyl, 4-dimethylaminophenyl, 

20 2' -dimethylamino-2-biphenylyl, 8-dimethylamino-l-naphthyl 
and 2' -dimethylamino-1 , 1' -binaphthalene-2-yl . 
[0077] 

R 3 may be an aralkyl group, desirably an aralkyl group 
having 7 to 20, preferably 7 to 12 carbon atoms. The aralkyl 
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groups include benzyl, 1-phenylethyl , 2-phenylethyl , 
2-ethenylbenzyl, 3-ethenylbenzyl, 4-ethenylbenzyl, 
4- (2-ethenylphenyl) butyl, 4- (3-ethenylphenyl) butyl and 
4- (4-ethenylphenyl) butyl . 
5 R 3 may be an alkenyl group, desirably an alkenyl group 

having 2 to 20, preferably 2 to 8 carbon atoms. The alkenyl 
groups include vinyl, methallyl and 1-octenyl. 

R 3 may be an alkynyl group, desirably an alkynyl group 
having 2 to 20, preferably 2 to 8 carbon atoms. The alkynyl 
10 groups include ethynyl, 1-propynyl and 1-octynyl. 
[0078] 

R 3 may desirably be an allyl group having 3 to 20, 
preferably 3 to 8 carbon atoms. The allyl groups include allyl 
and 2-octenyl . R 3 is not limited to the groups described above . 
15 As long as R 1 , R 2 and R 3 are selected from the above groups, 

they may have an arbitrary combination in terms of carbon atom 
numbers . 
Ar 

In Formula (I), Ar is desirably an aryl group of 6 to 
20 20, preferably 6 to 10 carbon atoms. 

The aryl groups include phenyl, ortho-tolyl, meta-tolyl, 
para-tolyl, 2,3-xylyl, 2,4-xylyl, 2,5-xylyl, 2,6-xylyl, 
3,4-xylyl, 3,5-xylyl, mesityl, 2-tert-butylphenyl , 
3-tert-butylphenyl, 4-tert-butylphenyl, 2-methoxyphenyl , 
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3-methoxyphenyl , 4-methoxyphenyl, 2-tert-butoxyphenyl , 
3-tert-butoxyphenyl and 4-tert-butoxyphenyl . Ar is not 
limited to the groups described above . 
[0079] 

5 In Formula (I) , R 1 , R 2 and R 3 cannot be tert-butyl groups 

simultaneously and Ar cannot be phenyl group at the same time, 
and R 1 , R 2 and R 3 cannot be cyclohexyl groups simultaneously 
and Ar cannot be phenyl group at the same time. 

The novel phosphonium borate compound preferably has 
10 Formula (I) given below for the reason that the raw material 
phosphine (II) and tetraarylborate compound (IV) can be 
synthesized easily by known methods: 

(R 1 ) (R 2 ) (R 3 )PH-BAr 4 (I) 

wherein R 1 is a secondary alkyl group of 3 to 6 carbon 
15 atoms, a tertiary alkyl group of 4 to 8 carbon atoms, or a 
cycloalkyl group of 3 to 8 carbon atoms; 

R 2 is a hydrogen atom, a primary alkyl group of 1 to 8 
carbon atoms, a secondary alkyl group of 3 to 6 carbon atoms, 
a tertiary alkyl group of 4 to 8 carbon atoms, a cycloalkyl 
20 group of 3 to 8 carbon atoms, an aralkyl group of 7 to 9 carbon 
atoms, or an allyl group of 3 to 4 carbon atoms; 

R 3 is a hydrogen atom, a primary alkyl group of 1 to 8 
carbon atoms, a secondary alkyl group of 3 to 6 carbon atoms, 
a tertiary alkyl group of 4 to 8 carbon atoms, a cycloalkyl 
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group of 3 to 8 carbon atoms, an aryl group of 6 to 15 carbon 
atoms, an aralkyl group of 7 to 9 carbon atoms, an alkenyl group 
of 2 to 4 carbon atoms, an alkynyl group of 2 to 4 carbon atoms, 
or an allyl group of 3 to 4 carbon atoms; 

R 1 , R 2 and R 3 may be the same or different from one another; 

Ar is an aryl group of 6 to 10 carbon atoms; 

[0080] 

R 1 , R 2 and R 3 cannot be tert-butyl groups simultaneously 
and Ar cannot be phenyl group at the same time; and 

R 1 , R 2 and R 3 cannot be cyclohexyl groups simultaneously 
and Ar cannot be phenyl group at the same time. 

Specific examples of the novel phosphonium borate 
compounds (I) represented by Formula (I) are shown in Tables 
11-1 to 18-3 which will be presented later. 

Of the phosphonium borate compounds (I) , preferred are: 

( 1 ) di-tert-butylmethylphosphonium tetraphenylborate, 

(2 ) di-tert-butylmethylphosphonium tetra-para-tolylborate, 

( 3 ) tri-tert-butylphosphonium tetra-para-tolylborate, 

( 4 ) di-tert-butylethylphosphonium tetraphenylborate, 

(5) n-butyl-di-tert-butylphosphonium tetraphenylborate, 

( 6) sec-butyl-di-tert-butylphosphonium tetraphenylborate, 

( 7 ) cyclohexyl-di- tert-butylphosphonium tetraphenylborate, 

( 8 ) di-tert-butyl-n-octylphosphonium tetraphenylborate, 

(9) di-tert-butylphenylphosphonium tetraphenylborate, 
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(10) 2-biphenylyl-di-tert-butylphosphine tetraphenylborate, 

(11) di-tert-butyl-l-naphthylphosphonium tetraphenylborate, 

(12) benzyl- di-tert-butylphosphonium tetraphenylborate, 

(13) di-tert-butyl ( 4-ethenylbenzyl ) phosphonium 
tetraphenylborate, 

( 14 ) di-tert-butylvinylphosphonium tetraphenylborate, 

(15) allyl-di-tert-butylphosphonium tetraphenylborate, 

(16) tricyclohexylphosphonium tetra-para-tolylborate, 

(17) triisopropylphosphonium tetraphenylborate, 

( 18 ) tricyclopentylphosphonium tetraphenylborate and 

(19) n-butyldicyclohexylphosphonium tetraphenylborate . 

Of these, the compounds (1), (3), (16) and (17) are more 
preferable . 
[0081] 

The phosphonium borate compounds (I) are particularly 
useful in combination with a transition metal, salt thereof, 
oxide thereof or complex thereof in the carbon-carbon bond 
forming reactions, carbon-nitrogen bond forming reactions and 
carbon-oxygen bond forming reactions wherein a transition 
metal complex having a phosphine ligand produces catalytic 
effects, wherein the phosphonium borate compounds in 
combination with the transition metal, salt thereof, oxide 
thereof or complex thereof are used in place of the transition 
metal complex having a phosphine ligand. 
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<Use> 

The phosphonium borate compounds (I) can be used in 
combination with a transition metal, transition metal salt, 
transition metal oxide or transition metal complex in the 
5 carbon-carbon bond forming reactions such as Suzuki-Miyaura 
reaction, Kumada reaction, Negishi reaction, Hiyama reaction, 
Kosugi-Stille reaction, Heck reaction, Endo reaction and 

a-allylation of carbonyl compounds; carbon-nitrogen bond 
forming reactions such as Buchwald-Hartwig amination; and 

10 carbon-oxygen bond forming reactions such as ether synthesis 
wherein a transition metal complex having a phosphine ligand 
produces catalytic effects, wherein the phosphonium borate 
compounds in combination with the transition metal , transition 
metal salt, transition metal oxide or transition metal complex 

15 are used in place of the transition metal complex having a 
phosphine ligand. 
[0082J 

The transition metals include, but are not limited to, 
manganese, iron, cobalt, nickel, ruthenium, rhodium, 
20 palladium and platinum. 

The transition metal salts include fluorides, chlorides, 
bromides, iodides, sulfates, nitrates, nitrites, carbonates, 
borates, ammonium salts, sodium salts, potassium salts, 
acetates, trif luoroacetates, acetylacetone salts, hydride 
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salts, sulfides and cyanides of manganese, iron, cobalt, 
nickel, ruthenium, rhodium, palladium and platinum. Hydrates 
of these transition metal salts are also employable. Specific 
examples include, but are not limited to, manganese (II) 
5 chloride, iron (II) chloride, iron (III) chloride, cobalt (II) 
chloride, nickel (II) chloride, ruthenium (III) chloride, 
rhodium (III) chloride, palladium (II) chloride, palladium 

(II) bromide, manganese (II) acetate, manganese (III) acetate, 
iron (II) acetate, cobalt (II) acetate, nickel (II) acetate, 
10 rhodium (II) acetate dimer, palladium (II) acetate, manganese 

(II) acetylacetonate, manganese (III) acetylacetonate, iron 

(II) acetylacetonate, iron (III) acetylacetonate, cobalt (II) 
acetylacetonate, cobalt (III) acetylacetonate, nickel (II) 
acetylacetonate, ruthenium (III) acetylacetonate, rhodium 
15 (III) acetylacetonate, palladium (II) acetylacetonate, 

platinum (II) acetylacetonate and sodium (IV) chloroplatinate 
hexahydrate . 

[0083] 

The transition metal oxides include oxides of manganese, 
20 iron, cobalt, nickel, ruthenium, rhodium, palladium and 

platinum. Hydrates of these transition metal oxides are also 
employable. Specific examples include, but are not limited 
to, manganese (II) oxide, iron (III) oxide, cobalt (II) oxide, 
nickel (II) oxide, ruthenium (IV) oxide, rhodium (III) oxide, 
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palladium (II) oxide and platinum (IV) oxide. 

The transition metal complexes include benzonitrile 
complexes, acetonitrile complexes, triphenylphosphine 
complexes, ethylene complexes, allyl complexes, butadiene 
complexes, cyclopentadiene complexes, cyclooctadiene 
complexes, cyclooctatetraene complexes, carbonyl complexes, 
dibenzylideneacetone complexes, amine complexes, 
ethylenediamine complexes, pyridine complexes and disiloxane 
complexes of manganese, iron, cobalt, nickel, ruthenium, 
rhodium, palladium and platinum. Hydrates of these transition 
metal complexes are also employable. Specific examples 
include, but are not limited to, decacarbonylmanganese (0), 
bis (cyclooctatetraene) iron (0) , bis ( cyclopentadienyl ) cobalt 
( 0) , bis (cyclooctadiene) nickel ( 0 ) , 
bis (cyclopentadienyl) ruthenium (0) , 
tetrarhodiumdodecacarbonyl (0) , 
tris (dibenzylideneacetone) dipalladium (0) , 
bis (benzonitrile) dichloropalladium (II) , allylpalladium 
chloride dimer and divinyltetramethyldisiloxane platinum (0) . 
[0084] 

Tables 1-1 to 4-2 below show specific examples of the 
phosphines of Formula (II) that are used as starting compounds 
in the embodiment 2 of the first production process and the 
embodiment 2 of the second production process for producing 
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a phosphonium borate compound according to the present 
invention. Tables 5 to 10 below show specific examples of the 
tetraarylborate compounds of Formula (IV) . Tables 11-1 to 
18-3 below show specific examples of the novel phosphonium 
borate compounds (I) according to the present invention. 

Specific examples of the phosphines (II) represented by 

Formula (II) : 

(R 1 ) (R 2 ) (R 3 )P (II) 
include, but are not limited to, the following compounds- 
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[0085] [Table 1] 



Table 1-1 



R 1 

rs. 




R J 


"t"0*Kl~— Vm"1 \7 1 
LCX L )J u uy 1 


i~f^T*i~ — Vmii~\/i 
lci i_ yj LJ.t_y_i_ 


Vi \7r\ y r\ rr en 
uyui l> y c 1 1 


LCl L -JJ U L y 1 


LCjL L yJ LA Ly JL 


TTl O +" Vl T7 1 

iiic Li iy X 


Lei L UULyJ. 


Lcl L JJU Ly 1 


e Liiyi 


0 V +" — I'M 1 +" \7 1 
Lcl L UULyl 


LCX. L JJU Ly 1 


11 ^JlLlLiyX 


"f" Q "H — Vm 1 ^ t 7 1 

Lcl L DU Ly 1 


LSX L DU Ly X 


n DULyi 


"fr" <-» T" 4" Vm T +" ".7 1 

Uci L DULyJ. 


+- £^ ~i~ — Vm i *t~ \7 1 
LcX L JJULyi 


loUDULyl 


LclL JJU Ly 1 


LcT L X)U Ly X 


11 pen Lyi 


Tier L — DU Ly 1 


LeiL DULyl 


i s openLyi 




+" _____ "4"* _■_■» V"\1 T +~ T T 1 

LeiL DULyl 


n— nexyi 


rer l— Duuy i 


l6Il DU Lyi 


z — metuiyx — 1— pen tyl 


— T *4~ T T 1 

LciL DULyx 


LerL DULyl 


9 i __i-r-Vi^7l 1 wl 

z / z— aieLnyi i ennyi 


LeiL DULyl 


Lex L DU. Ly X 


n neptyi 


Leru Dutyi 


LeiL Dutyi 


n oc Lyi 


4— f«v y» 4~ V"\ i -1 4— »f1 

te j. l du uy i 


4— /— k 4— __ T— \ * -l 4-- » r 1 

L.erLDuxiy_L 


isopr opyi 


T,er l— du ty i 


Ler L— du Lyi 


s ec— du Ly i 


Ler l Oil Ly 1 


LclL Dutyi 


O -w— \ ~r~i -f— T t 1 

z penLyi 


Lex L D U Ly _L 


LSxL JJU Ly 1 


j pen Lyi 


4"" __» *v~ 4- V*» 1 ~t T* » » 1 

LSlL DULyi 


LexLDULyx 


__ nexyi 


Lei L DULyi 


LcX L DULyl 


*^ — V\ __i 'V X 7 1 

j lie xy i 


Lcl L ULL Ly 1 


Lex L DULyi 


4— ^ -v 4— V\l 1 "f" T 7 1 

Lcl L — DL1 Ly X 


4— __. -y- 4— 1— v 1 1 ^ t » 1 

LclL DULyi 


LexLDULyX 


Lex l aiTiy x 


-(- C_ V"> 1 1 +" \7 1 

LcX L UULyi 


fort" — Kii1"\7l 
LcXL uuLyx 


T 1 —H i m __i "J~ Vi \ 7 H V^» n "i - t 7 1 

X / x uxiuc LiiyiJJU Lyi 


Lc X L U U Ly 1 


Lcl L DULyl 


"J* TTl _i 4— Vl \ 7 T — "5 —.T~\ __k t~l "t~ T 7 1 

j iiLc Liiyi j pcii Lyi 


fort — Vm t "t~ \7 1 
ue± l Jjuuyi 


UCl L JJULyi 


x f x / __. lx xilic Liiyipi upy i 


Lcl L JJU. Ly 1 


Lex L JJULyi 


1 aUamaULyi 


LCI L JJ U Ly 1 


Ltr X L JJULyi 


Z. iUC LliyX X d Ll dlLld 1 1 Ly X 


"t~oT"t~— V"jn1~w"l 

C JL I — L> LA U V JL 


"t-prt" — iSn1~\7l 

l— C JL L> J_/ LA l — y _L 


pvr 1 nnrnnvl 

Ly ( — JL L» L> J_ L 1 L* y _l_ 


f prf- Vm 1 1" \7 1 

L C JL L iwJ LA L V _L 


■|~#^"T~i i ~— V^n+*\7l 

LCI I — JL/ LA Ly 1 


r-> \/ f- 1 onpn "t~ \7 1 
l> y l- x upcu l y x 


i — ^ — ■ JL ' — iw' L4. 1— V JL 


"t~e*T"1~— Hijtvl 

L JL L a-/ LA L y — L 


L> y L» JL L> 11C A y _L 


LCX *— ' LA Ly JL 


— V>n"t~\7l 

L C JL L *~J LA L y _L 


n — m o i - Vi \7 1 r* \7r^ 1 nViPV\7 1 
j_ ii ic l 1 1 y _l l> y l» jl li lie Ay x 


tert-butvl 


tert-butvl 

L C JL L JLS LA Ly A 


— mpt hvl c* \jc* 1 nhpwl 

— — ALIC L A iy JL L y Li J- L» A AC A V — L 


tert~bu tyl 


tert-butyl 


2- adamant yl 


tert-butyl 


tert-butyl 


l-methyl-2-adamantyl 


tert-butyl 


tert-butyl 


2-methyl-2-adamantyl 


tert-butyl 


tert-butyl 


phenyl 


tert-butyl 


tert-butyl 


ortho-tolyl 


tert-butyl 


tert-butyl 


meta-tolyl 


tert-butyl 


tert-butyl 


para-tolyl 


tert-butyl 


tert-butyl 


2, 3-xylyl 


tert-butyl 


tert-butyl 


2, 4-xylyl 


tert-butyl 


tert-butyl 


2,5-xylyl 


tert-butyl 


tert-butyl 


2, 6-xylyl 


tert-butyl 


tert-butyl 


3, 4-xylyl 


tert-butyl 


tert-butyl 


3 7 5-xylyl 


tert-butyl 


tert-butyl 


mesityl 
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[0086] [Table 2] 



Table 1-2 



R 1 


R 2 


j 


tert-butvl 


tert-butvl 


2— tert— butvlnhenvl 


tert-butvl 


tert-butvl 


3 — tert— butvl nhpnvl 


tert-butvl 


tert-butvl 


4-rprt -hnr vl nhpnwl 
" lcx l jjuLyxpuenyi 


tert-butvl 


tert-butvl 


? — ettien\7l rjV^on\/l 
<£» c Liiciiyxpuciiy j. 


tert-butvl 

jl_ wi i*» y jl 


tert-butvl 


"5 — p-f-Vi on\/l nVion \ / 1 
J c Liicny xpiiciiy x 


tert-butvl 


ter t" — bu t v 1 


4 — etVif»'n\7lr , irSc»n\7l 
m c Lucny xpucuyx 


tert-butvl 


ter t — bu tvl 


^- JJipi iciiy x. y x 


tert — V\l"l "V \/ 1 

L C. _I_ I — JJ U V_ V -J_ 


LCI L- JJU Ly ± 


j uipnenyiyi 


tert-butvl 


tert— hnrvl 


■i jJXLyuciiy xyx 


tpr , t*-hl]'l"\/1 
* — ^ _i_ i— jj u •_. y 


r^r"h— V">n"h\/1 

L. J_ <_ JJU Ly X 


x iiajpxi uny x 


fprf- hill" vl 

l— G J- JJ U L y ^L 


r PT*t — biitx/l 


9 — na t~» V*i ^ Vi 1 7 1 
Z. IldpilLllyX 


tert-butvl 


tprt" — ril ") r \/ 1 


X /■ X JUXIlapilLIlaXcIlG Z yX 


tert — hni"vl 

* — ~ _l i — jj lj. l y i. 


L-G-L l_ JJU uy ± 


<l iLiti LnuAypnenyx 


tert-butvl 


Tert" — but"\/l 


"5 — met Vi nv\7nVi on wl 
J ILltr L I a L>^y Lvilti 11 y X 


t e r t -hn t \7 1 

L ~ J- L JJ LA L V JL 


LcX. L JJU Ly X 


/I _*Y* O T Vl V T TT™\ V» >*\ T T I 

*i iue Lnoxypnenyx 


fprt*- bu t vl 
w <^ j_ u. jj u. i_ y _l 


f ptI- — V^n1~\7l 

L C J_ L JJ u Ly X 


z lc x l jju LOAypneiiyi 


tert-butvl 


Tert— hnfvl 

j_ * — jj u Ly jl 


T — "4~ o T~ "t~ — Vi li'i* n v \ 7y*i V» o n t r 1 

«j Ltsx i_ jju LUAypnenyx 


tprf - hntvl 


tert — bntwl 

LCL L JJU Ly X 


*a lcx l jju Luxypnenyi 


tert-butvl 


tert — butvl 


>^ — <H 1 tti e t Vi \7 1 nnriVi on\;l 
•t- Lixiiic lj ly x aiiix iil> L»x l iiy x 


tert-butvl 


tert-butvl 

lc.j_ i — jju Ly x. 


— *H "i Tn A "t" Vi \7 "] am i nAnnorn?! 

j uxiiic Liiy xajxixiiopxisriy x 


tert-butvl 

W W -L, I—* JKJ" k-X L_ y JL 


tert — l">n tvl 

LwX. L JJU Ly JL 


m uxmts Liiy x diiix iitj £jii ciiy x 


tert-butvl 


tert-butvl 


7 ' — kH "i Tn e t Vi \7 1 a m *i nr*» — ^ — V^*i nVion\;l \t~] 
l- vjxjiic Liiy xoiuxiiu ^ JJxpiiciiy Xy x 


tert-butvl 


te rt — 1" \/ 1 


o LIXXlltr Liiy x dilLX XlvJ X XIclljII LXiy X 


tert-butvl 


tert-butvl 


—Hi Tnethvl ^ttit n — ~] T ' — V> i n^r*»Vi"i-Via 1 ono-O-vl 
^- n._j_xuc: Liiy _i_ciilix iiu x f x uxiiapu LliaXcIlc Z. yl 


tert-butvl 


tert-butvl 


be n 7 v 1 

jj ^ iJ4iy x 


tert-butvl 


ter t— but v 1 


"1 — nhpnvl etViwl 
j. puciiy xc Liiy x 


tert-butvl 


tert-butvl 


2 — uhenvle th vl 


tert-butvl 


tert-butvl 


2 — pt hpnvl hpri7 vl 

i— ^ — u-ii v— ^ x x y j_ jj w x x y jl 


tert-butyl 


tert-butvl 


3 — ethenvlbenz vl 


tert-butvl 


tert-butvl 


4 ""fithenvl ben7 vl 


tert-butyl 


tert-butyl 


4— ( 2 — ethen vl ohen vl ) bu t vl 

* \ • L,ii Vp-» x x y _i_ x x x x -X. y x_/ ui l*. ^y jl. 


tert-butyl 


tert-butyl 


4- (3-ethenylphenyl) butvl 

-X X J ' 


tert-butyl 


tert-butyl 


4- (4-ethenylphenyl) butyl 


tert-butyl 


tert-butyl 


vinyl 


tert-butyl 


tert-butyl 


methallyl 


tert-butyl 


tert-butyl 


1-octenyl 


tert-butyl 


tert-butyl 


ethynyl 


tert-butyl 


tert-butyl 


1-propynyl 


tert-butyl 


tert-butyl 


1-octynyl 


tert-butyl 


tert-butyl 


allyl 


tert-butyl 


tert-butyl 


2-octenyl 


isopropyl 


isopropyl 


isopropyl 


n-butyl 


cyclohexyl 


cyclohexyl 


cyclopentyl 


cyclopentyl 


cyclopentyl 


cyclohexyl 


cyclohexyl 


cyclohexyl 
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[0087] [Table 3] 



Table 2-1 



R 1 




R 3 


tert-amvl 


tert-amvl 


hvdroaen 


tert-amvl 


te r t— amvl 


me th v 1 


t~^T't" — aTTIvl 
uwj. c amy _i_ 


■hprf" — amvl 

1 — c -i_ V— dill y _i_ 


c \ — 1 1 y 1 


tert-amvl 

- *3 j_ u- 0.111 y -i— 


fprf - amvl 

j_ v — . dill y _l. 


11 j^-' 1 l< yj y _l 


tert" — anivl 

L C I L CI 11 IV I 


LCI L dll { y JL 


n — hn 1~ V7 1 
11 uu l y x 


,i_ i_ uill y 1 


fprt" — aTn\7 1 

LC JL. L dill y I 


t cjnhnr vl 
1 0 \j u u l y 1 


L C J_ l_ CULL y X 


fprt' — amvl 

LCI v — dlLL V I 


11 _Li c 1 1 l _y 1 


t <2» Y* "I" — ■ 3 TT1 \ 7 1 
LCI U dlliy I 


lci L dlliy I 


X 0 L> LJ c 11 Ly 1 


t e r T — a Tn \7 1 

LCI l dlliy I 


"f - fa T~ — ^ TTI \7 "1 

L C I L dlliy JL 


11 I1C 2\ y X 


t e T* "I" — a TT1 \7 1 
LCI L dlliy X 


f 01"+' 5* m \7 1 

L.C1 L dlLLy X 


•C iiic Liiy± x peiiuyi 


+" fa >~ "t~ — a TT1 \7 1 
L C J_ L dill y j. 


f prf-a TY1 \ 7 1 

lci l diuy x 


9 9— H t pth vl -1 — pthvl 

st, f tC LI X C LI lyJL X C L-Il y X 


+- fa >* "t~ — ;=» TT1 \7 1 
LCI L CllLl V _L 


+- fa >~ +" — Tn \7 "1 
lci l diu_y jl 


11 11c lj Ly x 


Lei i_ dlliy _L 


+" ca "K" "f - — ^ m 17 1 
LCI L dill_y _L 


11 ULLyi 


ez* ~r~-\- — ;=> m \7 1 

LCI 1— QUI y _L 


4-prt-amul 
lci L amy 1 


T «3 r*»T*» t~ r>n \7 1 
xoupi ULj^yX 


+~ fa T~ 1~ — rs Tpi t 7 "I 
LCI L d 11 Ly I 


LCI L a Lily I 


0 c l- u u Ly x 


+" e T* "f~ — a TTI \7 1 
LCI L Ci illy I 


LCI L dill I 


^ — T^> £a T*i T" T 7 1 

pell Ly I 


1"prt-3Trivl 

LCI L. QllL V -L. 


■h fa y- -j- — 3Tn\/l 
LCI L CLXLly JL 


sj Lien Ly 1 


"terT — am \/l 

L C I L dill y X 


lci l diu_y jl 


? — h p y\;1 
zj 11c Ay x 


"hprf — amvl 

LCI L CULL V X. 


fp-rf-amvl 

L C JL L dill V JL 


— l~l ^ V \7 1 


fprf — amul 

LCI L dill y I 


lci l diu_y x 


t#^T"t" — hntvl 

L C I L JJU uy 1 


tert*— amvl 

L C JL L Cllll V JL 


t ^ t*+* — -aTiivT 

LCI L Cllll y 1 


LCI l diny X 


tert-amvl 

Vp* ">>«^ JL. w mu y JL. 


tert-amvl 


1«1 -di TTipthvl hntvl 

-L. f J- \rndl. -1-llL^ Lily mlm*\J M Ly X 


rprt-amvl 

L . C -L. l_ dill V -L. 


"t~ fa t~ +- — 3 TT) \7 "I 
LCI L Cllll y I 


^ — TTI O "t~ Vl \7 1 — — "Ti^ Tl +" \7 1 

ilic Liiy i «j yen Ly 1 


tert-amvl 


tert — amvl 


1 .1 . ?-1ti TTtpfh vl nrnnvl 

-L f A- f LI -L 1 LLC l_l 1 y XU1 U U y JL 


te rt-amvl 

^— x_ i_ laiu y jl. 


tprt- amvl 

l . j_ 1 — qiil y 1 


"1 — aHamant vl 

JL ULlUlllULl 1 — . V _1_ 


tert-amvl 


te r t— amvl 


9 — TTiPthvl —1 -adamantvl 

111c \ — 11 y «i» 1 a li 0.111C1 1 1 Ly l 


tert-amvl 


tert— amvl 


CVClODfODVl 


tert-amvl 

* v— ' X» ■ L~41rlL V ^1— 


tert— amvl 


eve loDPntvl 


tert- amvl 


tert— amvl 


cvclohexvl 


tert-amvl 


tert-amyl 


1— methylcyclohexyl 


tert-amyl 


tert-amyl 


2-methylcyclohexyl 


tert-amyl 


tert-amyl 


2-adamantyl 


tert-amyl 


tert-amyl 


l-methyl-2-adamantyl 


tert-amyl 


tert-amyl 


2-methyl-2-adamantyl 


tert-amyl 


tert-amyl 


phenyl 


tert-amyl 


tert-amyl 


ortho-tolyl j 


tert-amyl 


tert-amyl 


meta-tolyl 


tert-amyl 


tert-amyl 


para-tolyl 


tert-amyl 


tert-amyl 


2, 3-xylyl 


tert-amyl 


tert-amyl 


2, 4-xylyl 


tert-amyl 


tert-amyl 


2, 5-xylyl 


tert-amyl 


tert-amyl 


2 , 6-xylyl 


tert-amyl 


tert-amyl 


3 , 4-xylyl 
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[0088] [Table 4] 



Table 2-2 



R 1 


R z 




tert-amyl 


tert-amyl 


3 , 5-xylyl 


tert-amyl 


tert-amyl 


mesityl 


tert-amyl 


tert-amyl 


2-tert-butylphenyl 


tert-amyl 


tert-amyl 


3-tert-butylphenyl 


tert-amyl 


tert-amyl 


4-tert-butylphenyl 


tert-amyl 


tert-amyl 


2-ethenylphenyl 


tert-amyl 


tert-amyl 


3-ethenylphenyl 


tert-amyl 


tert-amyl 


4-ethenylphenyl 


tert-amyl 


tert-amyl 


2-biphenylyl 


tert-amyl 


tert-amyl 


3-biphenylyl 


tert-amyl 


tert-amyl 


4-biphenylyl 


tert-amyl 


tert-amyl 


1-naphthyl 


tert-amyl 


tert-amyl 


2-naphthyl 


tert-amyl 


tert-amyl 


1, 1' -binaphthalene-2-yl 


tert-amyl 


tert-amyl 


2-methoxyphenyl 


tert-amyl 


tert-amyl 


3-methoxyphenyl 


tert-amyl 


tert-amyl 


4-methoxyphenyl 


tert-amyl 


tert-amyl 


2-tert-butoxyphenyl 


tert-amyl 


tert-amyl 


3-tert~butoxyphenyl 


tert-amyl 


tert-amyl 


4-tert-butoxyphenyl 


tert-amyl 


tert-amyl 


2-dimethylaminophenyl 


tert-amyl 


tert-amyl 


3-dimethylaminophenyl 


tert-amyl 


tert-amyl 


4-dimethylaminophenyl 


tert-amyl 


tert-amyl 


2' -dimethylamino-2-biphenylyl 


tert-amyl 


tert-amyl 


8 -dime thy lamino- 1-naphthyl 


tert-amyl 


tert-amyl 


2' -dimethylamino-1, 1' -binaphthalene-2-yl 


tert-amyl 


tert-amyl 


benzyl 


tert-amyl 


tert-amyl 


1-phenylethyl 


tert-amyl 


tert-amyl 


2-phenyle thyl 


tert-amyl 


tert-amyl 


2-ethenylbenzyl 


tert-amyl 


tert-amyl 


3-ethenylbenzyl 


tert-amyl 


tert-amyl 


4-ethenylbenzyl 


tert-amyl 


tert-amyl 


4- (2-ethenylphenyl) butyl 


tert-amyl 


tert-amyl 


4- (3-ethenylphenyl) butyl 


tert-amyl 


tert-amyl 


4- ( 4-ethenylphenyl) butyl 


tert-amyl 


tert-amyl 


vinyl 


tert-amyl 


tert-amyl 


methallyl 


tert-amyl 


tert-amyl 


1-octenyl 


tert-amyl 


tert-amyl 


ethynyl 


tert-amyl 


tert-amyl 


1-propynyl 


tert-amyl 


tert-amyl 


1-octynyl 


tert-amyl 


tert-amyl 


allyl 


tert-amyl 


tert-amyl 


2-octenyl 
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[0089] [Table 5] 



Table 3-1 



R 1 






1— adamant yl 


1-adamantyl 


hydrogen 


1— adamant vl 


1-adamantyl 


methyl 


1 —adamant vl 


1-adamantyl 


ethyl 


1— adamant vl 


1-adamantyl 


n-propyl 


1— adamant vl 


1- adamantvl 


n-butyl 


1— adamant vl 


1— adamant vl 


isobutyl 


1— adamant vl 


1— adamantvl 


n— pentyl 


1 -adamantvl 


1— adamantvl 


isooentvl 


1 -adamantvl 


1— adamantvl 


n— hexvl 




1 —adamant vl 


2— methvl— 1— oentvl 


1 —adamantvl 


1— adamant vl 


2, 2-diethvl-l -ethyl 


1 —adamant vl 


1— adamant vl 


n— heptvl 


1 -adamantvl 


1— adamant vl 

*JL w« V** A ft 1»4 A * y »>JL 


n-octvl 


1 — adamantvl 


1— adamantvl 


isODIODVl 


1 —adamantvl 


1— adamant vl 


sec— butvl 


l —adamantvl 


1— adamantvl 


2-Dentvl 


1— adamantvl 


1— adamantvl 


3— pentyl 


1 —adamantvl 


1— adamantvl 


2 — hexyl 


1— adamantvl 


1— adamantvl 


3-hexyl 


1 —adamantvl 


1— adamantvl 


tert— butyl 


1 —adamantvl 


1— adamantvl 


tert— amyl 


1— adamantvl 


1-adamantyl 


1, 1-dimethylbutyl 


1— adamantvl 


1— adamantyl 


3 -methyl— 3— pentyl 


1— adamantvl 


1-adamantyl 


1/1/ 2-trimethylpropyl 


1— adamantvl 


1 -adamantvl 


1-adamantyl 


1— adamantvl 


1-adamantyl 


2 -methyl -1-adamantyl 


1— adamantyl 


1-adamantyl 


cyclopropyl 

*J JL JL^ ^ 


1— adamantyl 


1-adamantyl 


cyclopentyl 


1 -adamantyl 


1-adamantyl 


cyclohexyl 


1 -adamantyl 


1-adamantyl 


1-methylcyclohexyl 


1 -adamantyl 


1-adamantyl 


2-methylcyclohexyl 


1-adamantyl 


1-adamantyl 


2-adamantyl 


1-adamantyl 


1-adamantyl 


1-me thy 1 - 2 - adamantyl 


1-adamantyl 


1-adamantyl 


2 -methyl- 2 -adamantyl 


1-adamantyl 


1-adamantyl 


phenyl 


1-adamantyl 


1-adamantyl 


ortho-tolyl 


1-adamantyl 


1-adamantyl 


meta-tolyl 


1-adamantyl 


1-adamantyl 


para-tolyl 


1-adamantyl 


1-adamantyl 


2/ 3-xylyl 


1-adamantyl 


1-adamantyl 


2 , 4-xylyl 


1-adamantyl 


1-adamantyl 


2, 5-xylyl 


1-adamantyl 


1-adamantyl 


2 , 6-xylyl 


1-adamantyl 


1-adamantyl 


3/ 4-xylyl 


1-adamantyl 


1-adamantyl 


3/ 5-xylyl 


1-adamantyl 


1-adamantyl 


mesityl 
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[0090] [Table 6] 



Table 3-2 



R 


R 


R 


1-adamantyl 


1-adamantyl 


2-tert-butylphenyl 


1-adamantyl 


1-adamantyl 


3-tert-butylphenyl 


1-adamantyl 


1-adamantyl 


4-tert-butylphenyl 


1-adamantyl 


1-adamantyl 


2-ethenylphenyl 


1-adamantyl 


mm H , -| 

1-adamantyl 


3-ethenylphenyl 


1-adamantyl 


1-adamantyl 


4-ethenylphenyl 


1-adamantyl 


1-adamantyl 


2-biphenylyl 


1-adamantyl 


1-adamantyl 


3-biphenylyl 


1-adamantyl 


1-adamantyl 


4-biphenylyl 


1-adamantyl 


1-adamantyl 


1-naphthyl 


1-adamantyl 


1-adamantyl 


2-naphthyl 


1-adamantyl 


1-adamantyl 


1, 1' -bmaphthalene-2-yl 


1-adamantyl 


1-adamantyl 


2-methoxyphenyl 


1-adamantyl 


1-adamantyl 


3-methoxyphenyl 


1-adamantyl 


1-adamantyl 


4-methoxyphenyl 


1-adamantyl 


1-adamantyl 


2-tert-butoxyphenyl 


1-adamantyl 


1-adamantyl 


3-tert-butoxyphenyl 


1-adamantyl 


1-adamantyl 


4-tert-butoxyphenyl 


^ m g mm 

1-adamantyl 


1-adamantyl 


2 -dimethyl ami nophenyl 


1-adamantyl 


mm m t -| 

1-adamantyl 


3 -dime thy lami nophenyl 


1-adamantyl 


1-adamantyl 


4 -dime thy 1 ami noph e ny 1 


1-adamantyl 


1-adamantyl 


2' -dimethylammo-2-biphenylyl 


1-adamantyl 


1-adamantyl 


8 -dimethyl ami no- 1-naphthyl 


1-adamantyl 


1-adamantyl 


2' -dime thy lamino-1 , 1' -binaphthalene-2 -yl 


mm 1 ■ -| 

1-adamantyl 


1-adamantyl 


benzyl 


1-adamantyl 


1-adamantyl 


1-phenyl ethyl 


1-adamantyl 


1-adamantyl 


2 -phenyl ethyl 


1— adamant yl 


1-adamantyl 


^-etnenyiDenzyi 


1-adamantyl 


1-adamantyl 


3-ethenylbenzyl 


1-adamantyl 


1-adamantyl 


4-ethenylbenzyl 


1-adamantyl 


1-adamantyl 


4- (2-ethenylphenyl) butyl 


1-adamantyl 


1-adamantyl 


4- (3-ethenylphenyl) butyl 


1-adamantyl 


1-adamantyl 


4- ( 4-ethenylphenyl) butyl 


1-adamantyl 


1-adamantyl 


vinyl 


1-adamantyl 


1-adamantyl 


methallyl 


1-adamantyl 


1-adamantyl 


1-octenyl 


1-adamantyl 


1-adamantyl 


ethynyl 


1-adamantyl 


1-adamantyl 


1-propynyl 


1-adamantyl 


1-adamantyl 


1-octynyl . 


1-adamantyl 


1-adamantyl 


allyl 


1-adamantyl 


1-adamantyl 


2-octenyl 
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[0091] [Table 7] 



Table 4-1 



R 1 






2 — adamant yl 


2-adamantyl 


hydrogen 


2 -adamantyl 


2-adamantyl 


methyl 


2 — adamant vl 


2 -adamantvl 


ethyl 


2 —adamantyl 


2-adamantyl 


n-propyl 


2 —adamant vl 


2 —adamant vl 

W ^ ■* 'W* Vj"! X k I *wV X x y .x_ 


n— butyl 


2 — adamant vl 

aw i«x wi l x a w» y *x» 


2 —adamantvl 

x^ \-»x ^^i *»*x x x y ■ 


isobutvl 


2 — adamant vl 


2— adamant vl 

xm x ah * ^ x x ^ ■* y ^x» 


n-pentvl 


2 — adamant vl 


2 —adamant vl 

aw LjX wi Vw+ aii wi x x y x> 


isonentvl 


2 — adamant vl 


2 —adamant vl 


n— hexvl 

xx xx » * y ■* ■! 


2 — adamant vl 


2 — adamantvl 

AW l»A A X L ILX A X u y *x_ 


2 — me th vl — 1 -Dentvl 


2 — adamant vl 

— ^ X » X. X L I »^X. X X y * 


2— adamantvl 


2, 2-diethyl-l-ethyl 


2 — adamantvl 


2 — adamant vl 

' - > ■! v_>4- u x l v w< x x v- y i » 


n— heptvl 


2 — adamantvl 


2— adamant vl 

b l«X *w*- <»4 ill l«X X X *»f y -X_ 


n— octyl 


2 — adamant vl 

AW wA X»X Ull LM X X W~ y ^L> 


2 —adamant vl 

^ — ^ i •% i i wx a|| kx x x y 


isopr opyl 


2 — adamantvl 


2 — adamant vl 

Lm W4 vl.wiALIwi X X «v y - * - 


sec-butvl 


2— adamantvl 


2 — adamantvl 

£*r+ ^x ^w<*- ^-iX x L ilx x x y 


2— oentvl 


2 — adamant vl 

xw x x M x. x ii^x x x y *i« 


2 —adamantvl 


3-pentyl 


2 — adamant vl 


2— adamantvl 

xw vi v**. xii * x x y ■ i 


2-hexvl 

x^ x x ^ ** • » y 


2 —adamantvl 


2— adamantvl 


3— hexyl 


2 —adamant vl 


2 — adamant vl 


tert— butyl 


2 —adamantvl 


2 —adamantvl 


tert— amyl 


2 —adamantyl 


2 -adamantvl 


l f 1-dimethylbutyl 


2 —adamant vl 


2— adamantyl 


3 -methyl- 3-pentyl 


2 —adamantvl 


2-adamantyl 


1, 1, 2-trimethylpr opyl 


2 —adamantvl 


2— adamantyl 


1- adamantyl 


2— adamantvl 


2-adamantyl 


2-methyl-l-adamantyl 


2 -adamantyl 


2-adamantyl 


cyclopropyl 


2 -adamantyl 


2-adamantyl 


cyclopentyl 


2-adamantyl 


2-adamantyl 


cyclohexyl 


2 -adamantyl 


2-adamantyl 


1-methylcyclohexyl 


2 -adamantyl 


2-adamantyl 


2-methylcyclohexyl 


2-adamantyl 


2-adamantyl 


2-adamantyl 


2-adamantyl 


2-adamantyl 


1-methyl- 2 -adamantyl 


2-adamantyl 


2-adamantyl 


2 -methyl- 2 -adamantyl 


2-adamantyl 


2-adamantyl 


phenyl 


2-adamantyl 


2-adamantyl 


ortho-tolyl 


2-adamantyl 


2-adamantyl 


meta-tolyl 


2-adamantyl 


2-adamantyl 


para-tolyl 


2-adamantyl 


2-adamantyl 


2, 3-xylyl 


2-adamantyl 


2-adamantyl 


2, 4-xylyl 


2-adamantyl 


2-adamantyl 


2, 5-xylyl 


2-adamantyl 


2-adamantyl 


2, 6-xylyl 


2-adamantyl 


2-adamantyl 


3, 4-xylyl 


2-adamantyl 


2-adamantyl 


3 , 5-xylyl 


2-adamantyl 


2-adamantyl 


mesityl 
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[0092] [Table 8] 



Table 4-2 



K 


K 


K j 


z— adamant yx 


^-aaainant.yi 


O +- +" 1 T 4" T 7 1 V^i V"» ^ >-\ i;l 

z tert'Dutyipnenyi 


z — adamantyx 


^-aaaitiantyi 


o LexL DUtyipnenyi 


z-adamantyl 


Z — ada.mant.y-L 


4— tier t.— outiyxpneny x 


z-adamantyl 


z-aaainantyi 


z-etnenyipnenyi 


2 -adamant yl 


2-adamantyl 


j-etnenyipnenyi 


2-adamantyl 


2-adamantyl 


4-etnenyipnenyi 


2— adamant yl 


2-adamantyl 


^ — Dipnenyxyx 


2-adamantyl 


2-adamantyl 


3— biphenylyl 


2 - adamant yl 


2-adamantyl 


4— ioipnenyxyx 


2-adamantyl 


2-adamantyl 


1-napntnyl 


2 - adamant yl 


2-adamantyl 


2-napntnyi 


2-adamantyl 


2-adamantyl 


1,1 -oinapntnaXene-/: — yx 


2-adamantyl 


2-adamantyl 


2 -me thoxyphenyl 


2-adamantyl 


2-adamantyl 


o — me tnoxypnenyX 


2-adamantyl 


2-adamantyl 


4 -me thoxyphenyl 


2-adamantyl 


2-adamantyl 


2— tert— butoxypnenyl 


2-adamantyl 


2— adamantyl 


j-tert-DUtoxypnenyl 


2-adamantyl 


2-adamantyl 


4— tert-Dutoxypnenyl 


2-adamantyl 


J , , j-fc 1 i i ■ ■ f . ^^to ^P^B V ^ 1 

Z— adamant yx 


z — dime tiny x ami nopnenyx 


2 — adamantyl 


2— adamantyl 


o— dime tiiyx ami nopnenyx 


2— adamant yl 


' "J tote. taMfe ^Hto. W W 1 

^-aaamantyl 


4 — dime tnyi ami nopnenyx 


r ~y «b — J j ^ ^to. to»^ to m | 

Z— adamant yx 


z —adamantly x 


z —dime tnyxamino - z— oipnenyxyx 


2-adamantyl 


J ■ ■ _ j-iil flHk to"to to»» V V 1 

z-adamantyl 


O ^— <] -4 -lr.-i V^v * t 1 — ^ tort— » toto. jHto. 1 . _ y« — s y\ \^ t f 1 

o — dime tiny x ami no— x — napntny x 


z-adamantyi 


z — adamantly x 


z — aimetinyiamino x / x Dinapnunaiene z yi 


J _ «u 1 ^ -i_-i_n_ i_— _ * « 1 

Z —adamant: yx 


z — adamantly x 


L— V. Jto. to#to n to V 1 

oenz y x 


Z— adamant yx 


Z — adamant, yx 


x — pnenyxe tnyi 


^-aaamantyi 


z— aaamanuyx 


z-pnenyieLnyi 


9 — aHa tyi s* ti I - \7 1 
z. ctudiiiciii i— y j_ 




£m tr. Liicii y xwcu^i y x 


2-adamantyl 


2-adamantyl 


3-ethenylbenzyl 


2-adamantyl 


2-adamantyl 


4-ethenylbenzyl 


2-adamantyl 


2-adamantyl 


4- (2-ethenylphenyl) butyl 


2-adamantyl 


2-adamantyl 


4- (3-ethenylphenyl) butyl 


2-adamantyl 


2-adamantyl 


4- (4-ethenylphenyl) butyl 


2-adamantyl 


2-adamantyl 


vinyl 


2-adamantyl 


2-adamantyl 


methallyl 


2-adamantyl 


2-adamantyl 


1-octenyl 


2-adamantyl 


2-adamantyl 


ethynyl 


2-adamantyl 


2-adamantyl 


1-propynyl 


2-adamantyl 


2-adamantyl 


1-octynyl 


2-adamantyl 


2-adamantyl 


allyl 


2-adamantyl 


2-adamantyl 


2-octenyl 



[0093] 



Tables 5 to 10 below show specific examples of the 
5 tetraarylborate compounds of Formula (IV) : 



SF-1113 



77 



M-BAr 4 (IV) 
that are used as starting compounds in the embodiment 2 of the 
first production process and the embodiment 2 of the second 
production process according to the present invention. The 
5 compounds are not limited thereto. 
[0094] [Table 9] 



Table 5 



Ar 


M 


phenyl 


lithium 


ortho-tolyl 


lithium 


meta-tolyl 


lithium 


para-tolyl 


lithium 


2,3-xylyl 


lithium 


2, 4-xylyl 


lithium 


2, 5-xylyl 


lithium 


2, 6-xylyl 


lithium 


3, 4-xylyl 


lithium 


3 , 5-xylyl 


lithium 


mesityl 


lithium 


2-tert-butylphenyl 


lithium 


3-tert-butylphenyl 


lithium 


4-tert-butylphenyl 


lithium 


2-methoxyphenyl 


lithium 


3-methoxyphenyl 


lithium 


4-methoxyphenyl 


lithium 


2-tert-butoxyphenyl 


lithium 


3-tert-butoxyphenyl 


lithium 


4-tert-butoxyphenyl 


lithium 
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[0095] [Table 10] 



Table 6 



iil 


M 


pnenyi 


sodium 

* -L. MILL 


/■*» v "H Vi <~\ — +■ n \ 7 "i 
oruno tuiyx 


sodium 


■m £i +~ ™j 1 t 7 ] 

IUSt.a LOiyi 


*5 nd i urn 


>™v *y~ s — 1 \ 7 1 

pala LOlyl 


s odium 


£ r J xyiyi i 


^ nH *i inn 


z. r f* xyiyi 


<5 od \ um 

Hill 


z f o — xy -LyJ- 


*=? od i nm 

«J wUJ. 11 III 


2, 6-xylyl 


sodium 


3,4-xylyl 


sodium 


3 , 5-xylyl 


sodium 


mesityl 


sodium 


2-tert-butylphenyl 


sodium 


3-tert-butylphenyl 


sodium 


4-tert-butylphenyl 


sodium 


2-methoxyphenyl 


sodium 


3-methoxyphenyl 


sodium 


4-methoxyphenyl 


sodium 


2-tert-butoxyphenyl 


sodium 


3-tert-butoxyphenyl 


sodium 


4-tert-butoxyphenyl 


sodium 


[0096] [Table 11] 
Table 7 


Ar 


M 


phenyl 


potassium 


ortho-tolyl 


potassium 


meta-tolyl 


potassium 


para-tolyl 


potassium 


2, 3-xylyl 


potassium 


2, 4-xylyl 


potassium 


2, 5-xylyl 


potassium 


2, 6-xylyl 


potassium 


3 , 4-xylyl 


potassium 


3 , 5-xylyl 


potassium 


mesityl 


potassium 


2-tert-butylphenyl 


potassium 


3-tert-butylphenyl 


potassium 


4-tert-butylphenyl 


potassium 


2-methoxyphenyl 


potassium 


3-methoxyphenyl 


potassium 


4-methoxyphenyl 


potassium 


2-tert-butoxyphenyl 


potassium 


3-tert-butoxyphenyl 


potassium 


4-tert-butoxyphenyl 


potassium 
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[0097] [Table 12] 



Table 8 



7\ v- 
Ai 


M 


pne nyi 


Tn anno cs A i ttti t~- Vi 1 r~\ ~y~ "i r\ o 
JLUCl y 11G O J_ LULL L.I11U1 1UC 


or Lno LOiyi 


Tn a r*f T\ o c i i T Tn V» T ny* i fl 
lilciy lit: O _L UJ LI Ulll L>1 1U.C 




may nesiuin onj.orj.oi6 


parauOiyi 


i iid. y n. e s i lixli cniuiiuc 


Z , J-xyiyi 


magnesium cnioriae 


A , 4-xylyl 


magnesium cnioriae 


z / d — xyiyi 


magnesium cnioriae 


2, 6-xylyl 


magnesium chloride 


3, 4-xylyl 


magnesium chloride 


3, 5-xylyl 


magnesium chloride 


mesityl 


magnesium chloride 


2-tert-butylphenyl 


magnesium chloride 


3-tert-butylphenyl 


magnesium chloride 


4-tert-butylphenyl 


magnesium chloride 


2-methoxyphenyl 


magnesium chloride 


3 -me thoxyphe ny 1 


magnesium chloride 


4-methoxyphenyl 


magnesium chloride 


2-tert-butoxyphenyl 


magnesium chloride 


3-tert-butoxyphenyl 


magnesium chloride 


4-tert-butoxyphenyl 


magnesium chloride ! 


[0098] [Table 13] 
Table 9 


Ar 


M 


phenyl 


magnesium bromide 


ortho-tolyl 


magnesium bromide 


meta-tolyl 


magnesium bromide 


para- tolyl 


magnesium bromide 


2, 3-xylyl 


magnesium bromide 


2, 4-xylyl 


magnesium bromide 


2, 5-xylyl 


magnesium bromide 


2, 6-xylyl 


magnesium bromide 


3, 4-xylyl 


magnesium bromide 


3 , 5-xylyl 


magnesium bromide 


mesityl 


magnesium bromide 


2-tert-butylphenyl 


magnesium bromide 


3-tert-butylphenyl 


magnesium bromide 


4-tert-butylphenyl 


magnesium bromide 


2-methoxyphenyl 


magnesium bromide 


3-methoxyphenyl 


magnesium bromide 


4-methoxyphenyl 


magnesium bromide 


2-tert-butoxyphenyl 


magnesium bromide 


3-tert-butoxyphenyl 


magnesium bromide 


4-tert-butoxyphenyl 


magnesium bromide 
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[0099] [Table 14] 



Table 10 



Ar 




phenyl 


Calcium cnioriuc 


ortno-tolyi 


Caiciuiu cnioriue 


meta-tolyl 


Caiciuiu cnionae 


para- tolyl 


Calcium cnionae 


2 , 3-xylyl 


calcium cnioriue 


2 , 4-xylyl 


calcium cnioriae 


z f j~xyiyi 


ra 1 ri inn nh 1 riT i rip 


2, 6-xylyl 


calcium chloride 


3, 4-xylyl 


calcium chloride 


3 , 5-xylyl 


calcium chloride 


mesityl 


calcium chloride 


2-tert-butylphenyl 


calcium chloride 


3-tert-butylphenyl 


calcium chloride 


4-tert-butylphenyl 


calcium chloride 


2-methoxyphenyl 


calcium chloride 


3-methoxyphenyl 


calcium chloride 


4-methoxyphenyl 


calcium chloride 


2-tert-butoxyphenyl 


calcium chloride 


3-tert-butoxyphenyl 


calcium chloride 


4-tert-butoxyphenyl 


calcium chloride 



[0100] 



Tables 11-1 to 18-3 below show specific examples of the 
novel phosphonium borate compounds represented by Formula (I) : 

(R 1 ) (R 2 ) (R 3 )PH-BAr 4 (I) 
that are produced according to the present invention. The 
compounds are not limited thereto. 
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[0101] [Table 15] 



Table 11-1 



R 1 


R 2 


R 3 


Ar 


Meltina point 
( °C ) . ( Decomp . 
temp . ) 


tert-butyl 


tert-butyl 


hydrogen 


phenyl 




tert-butyl 


tert-butyl 


methyl 


phenyl 


192-196 


tert— butyl 


tert-butyl 


ethyl 


phenvl 


174-188 


text— but vl 


tert-butvl 


n-propvl 


phenyl 




tert— but vl 


tert— butvl 


n-butyl 


phenyl 


156-162 


text— but vl 


ter t — butvl 


isobutvl 


phenvl 




tert— butyl 


tert— butvl 


n— pentyl 


phenyl 


- 


tert— but vl 


ter t— butvl ' 


isoDentvl 


phenvl 




tert— but vl 


tert— butvl 


n-hexyl 


phenyl 




tert— but vl 


tert— butvl 


2 — methvl— 1— oentvl 


phenvl 




ter t— butvl 


tert— butvl 


2 , 2-diethvl-l-ethvl 


phenvl 




tert— butvl 


tert-butvl 


n-heptvl 


phenvl 




ter t— butvl 


tert— butvl 


n-octvl 


phenvl 


108-113 

pJU ^— • ^Bp ^B» 


tert— butvl 


tert— butvl 


isooropvl 


phenyl 




tert— butvl 


tert— butvl 


sec— butvl 


phenyl 


184-187 


tert— butvl 


tert-butvl 


2 —pentyl 


phenvl 




tert— butyl 


tert-butyl 


3-pentyl 


phenyl 




tert— butvl 


tert-butyl 


2-hexyl 


phenyl 




tert-butyl 


tert-butyl 


3-hexyl 


phenyl 




tert-butyl 


tert-butyl 


tert-amyl 


phenyl 




tert-butyl 


tert-butyl 


1 , 1-dimethylbutyl 


phenyl 




tert-butyl 


tert-butyl 


3 -me thy 1 - 3 -pe nt y 1 


phenyl 




tert-butyl 


tert-butyl 


1,1, 2-trimethylpr opyl 


phenyl 




tert-butyl 


tert-butyl 


1 -adamantyl 


phenyl 




tert-butyl 


tert-butyl 


2-methyl- 1-adamantyl 


phenyl 




tert-butyl 


tert-butyl 


cyclopropyl 


phenyl 




tert-butyl 


tert-butyl 


cyclopentyl 


phenyl 




tert-butyl 


tert-butyl 


cyclohexyl 


phenyl 


171-178 


tert-butyl 


tert-butyl 


1 -methyl cyclohexyl 


phenyl 




tert-butyl 


tert-butyl 


2-methylcyclohexyl 


phenyl 




tert-butyl 


tert-butyl 


2-adamantyl 


phenyl 




| tert-butyl 


tert-butyl 


1 -methyl - 2-adamantyl 


phenyl 
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[0102] [Table 16] 



Table 11-2 



K 


p 2 

K 


R 3 
rs. 


"A v~ 


Melting point 
( U; (uecomp . 
temp . ) 


tert- Duty 1 


tert- jdu ty i 


z-metnyi-z-aaamantyi 


pnenyi 




tert~DULyi 


tsrt Dutyi 


pnenyi 


pneny x 


1j D 1 4i U 


tert-butyl 


tert— Duty 1 


ortno— toxyx 


pnenyi 




tert-DUtyl 


tert— Duty x 


me t a —toxyx 


pneny x 




tert— butyl 


tert-butyl 


para— toxyx 


phenyl 




tert-butyl 


tert-butyl 


2 , 3-xylyl 


phenyl 




tert-butyl 


tert-butyl 


z , 4— xyxyx 


pnenyi 


- 


tert-butyl 


tert-butyl 


Z f o-xylyl 


phenyl 




tert-butyl 


tert-butyl 


£ r b— xyxyx 


phenyl 




tert-butyl 


tert-butyl 


o , 4— xyXyX 


phenyl 




tert-butyl 


tert-butyl 


3 / d— xylyl 


phenyl 




tert-butyl 


tert-butyl 


mesityl 


phenyl 




tert-butyl 


tert-butyl 


2— ter t— butylphenyl 


phenyl 




tert-butyl 


tert— Duty l 


o~ tert— Duty xpnenyx 


pneny X 




tert-butyl 


tert— Duty 1 


4— ter t— butylphenyl 


phenyl 




tert-butyl 


tert-DUtyl 


z — e trie ny xpnenyx 


pnenyi 




^ m *V"" +- __ l«\ * ^ ^™ * T 1 

LcIL DULyj. 


te r t— Duty ± 


o e tnenyipne nyx 


pneny x 




tert-butyl 


tert-butyl 


4-ethenylphenyl 


phenyl 




tert-butyl 


tert-butyl 


2-biphenylyl 


phenyl 


163-174 


tert-butyl 


tert-butyl 


3-biphenylyl 


phenyl 




tert-butyl 


tert-butyl 


4-biphenylyl 


phenyl 




tert-butyl 


tert-butyl 


1-naphthyl 


phenyl 


165-174 


tert-butyl 


tert-butyl 


2-naphthyl 


phenyl 




tert-butyl 


tert-butyl 


1, 1' -binaphthalene-2-yl 


phenyl 




tert-butyl 


tert-butyl 


2-methoxyphenyl 


phenyl 




tert-butyl 


tert-butyl 


3-methoxyphenyl 


phenyl 




tert-butyl 


tert-butyl 


4-methoxyphenyl 


phenyl 




tert-butyl 


tert-butyl 


2-tert-butoxyphenyl 


phenyl 




tert-butyl 


tert-butyl 


3-tert-butoxyphenyl 


phenyl 




tert-butyl 


tert-butyl 


4~tert-butoxyphenyl 


phenyl 
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[0103] [Table 17] 



Table 11-3 



R 1 


R 2 


R 3 


Ar 


kAa 1 ^ i tin 

ixi jl L- 1 1 1 y 

L.dllJ-1 • f 


tert-Dutyl 


+■ V-fc « « « T 1 

teru-DULyi 


^ — axiueT-.ny-La.iiii nopnenyi 


*—\ ^ y> \ t I 

yjllGlly 1 




tert-butyl 


tert-Dutyl 


"3 _ /-l A m 4— t t 1 -~\ m i t™» V*i ^ v* t r 1 

o ~aiuieLnyiaiuinopncnyi 


pneny i 




tert-butyl 


tert-butyl 


4-dimethylaminophenyl 


phenyl 




tert-butyl 


tert-butyl 


^ — dime tnyianiino- z. — Dipn 
enylyl 


phenyl 




tert-butyl 


tert-butyl . 


o — dime tny ± ami no— l-napnt 
hyl 


phenyl 




tert-butyl 


tert-butyl 


z — dime Lfiyiamino- 1 r i — o 
inapn tnai ene— z— y i 


phenyl 




tert-butyl 


tert-Dutyl 


oenzyi 


T™\ Vl Ci T*i T 7 1 

pne nyi 


JL *i -7 X -J O 


tert-butyl 


tert-butyl 


1-pnenyietnyi 


pneny i 




tert-butyl 


tert-DUtyl 


z -pnenyietnyi 


pne ny i 




tert-butyl 


text-Dutyi 


z-etnenyiDenzyi 


p 11 e 11 y x 




tert-butyl 


tert-Dutyl 


o-etnenyiDenz yi 


pne ny i 




tert-butyl 


tGrt-Dutyi 


fi-etnenyiDenzyi 


pile; ny J- 


1 ? 7 — 1 ^ ? 
J. Z. Z. 1 Ji, 


tert-butyl 


tert-butyl 


ft - ( ^ ~ e tne nyipneny i ; Duty 
i 


phenyl 




tert-butyl 


tert-butyl 


1 


phenyl 




tert-butyl 


tert-butyl 


4- (4-ethenylphenyl) buty 
1 


phenyl 




tert-butyl 


tert-butyl 


vinyl 


phenyl 


253-261 


tert-butyl 


tert-butyl 


methallyl 


phenyl 




tert-butyl 


tert-butyl 


1-octenyl 


phenyl 




tert-butyl 


tert-butyl 


ethynyl 


phenyl 




tert-butyl 


tert-butyl 


1-propynyl 


phenyl 




tert-butyl 


tert-butyl 


1-octynyl 


phenyl 




tert-butyl 


tert-butyl 


allyl 


phenyl 


148-160 


tert-butyl 


tert-butyl 


2-octenyl 


phenyl 




isopropyl 


isopropyl 


isopropyl 


phenyl 


194-214 


n-butyl 


cyclohexyl 


cyclohexyl 


phenyl 


175-180 


cyclopentyl 


cyclopentyl 


cyclopentyl 


phenyl 


178-187 



SF-1113 



84 



[0104] [Table 18] 



Table 12-1 



R 1 


R 2 


R 3 


Ar 


Melting point 

— ' A- 

(°C) (Decomp. 
temp . ) 


tert-amyl 


tert-amyl 


hydrogen 


phenyl 




tert-amyl 


tert-amyl 


methyl 


phenyl 




tert-amyl 


tert-amyl 


ethyl 


phenyl 




tert-amyl 


tert-amyl 


n-propyl 


phenyl 




tert-amyl 


tert-amyl 


n-butyl 


phenyl 




tert-amyl 


tert-amyl 


isobutyl 


phenyl 




tert-amyl 


tert-amyl 


n-pentyl 


phenyl 




tert— amvl 


tert— amvl 


isopentyl 


phenyl 




tert-amyl 


tert-amyl 


n-hexyl 


phenyl 




tert-amyl 


tert-amyl 


2 -methyl -1-pentyl 


phenyl 

IT _Z ^ 




tert-amyl 


tert-amyl 


2, 2-diethyl-l-ethyl 


phenyl 




tert-amyl 


tert-amyl 


n-heptyl 


phenyl 




tert-amyl 


tert-amyl 


n-octyl 


phenyl 




tert-amyl 


tert-amyl 


isopropyl 


phenyl 




tert-amyl 


tert-amyl 


sec-butyl 


phenyl 




tert-amyl 


tert-amyl 


2-pentyl 


phenyl 




tert-amyl 


tert-amyl 


3-pentyl 


phenyl 




tert-amyl 


tert-amyl 


2-hexyl 


phenyl 




tert-amyl 


tert-amyl 


3-hexyl 


phenyl 




tert-amyl 


tert-amyl 


tert-butyl 


phenyl 




tert-amyl 


tert-amyl 


tert-amyl 


phenyl 




tert-amyl 


tert-amyl 


1, 1-dimethylbutyl 


phenyl 




tert-amyl 


tert-amyl 


3 -methyl- 3-pentyl 


phenyl 




tert-amyl 


tert-amyl 


1,1, 2-trimethylpropyl 


phenyl 




tert-amyl 


_ . , . 

tert-amyl 


1-adamantyl 


phenyl 




tert-amyl 


tert-amyl 


2-methyl-l-adamantyl 


phenyl 




tert-amyl 


tert-amyl 


cyclopropyl 


phenyl 




tert-amyl 


tert-amyl 


cyclopentyl 


phenyl 




tert-amyl 


tert-amyl 


cyclohexyl 


phenyl 




tert-amyl 


tert-amyl 


1-methylcyclohexyl 


phenyl 




tert-amyl 


tert-amyl 


2-methylcyclohexyl 


phenyl 




tert-amyl 


tert-amyl 


2-adamantyl 


phenyl 




tert-amyl 


tert-amyl 


l-methyl-2-adamantyl 


phenyl 




tert-amyl 


tert-amyl 


2 -methyl- 2-adamantyl 


phenyl 
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[0105] [Table 19] 



Table 12-2 



R 1 


R 2 


R 3 


Ar 


Meltina ooint 
(°C) (Decomp. 
temD . ) 


+* o t~ i~ — .a Tn \ ? "I 
Lc X L dlliyX 


T" T*"i — V 1 
v_ c x. L- amy j. 


nhpnvl 


Dhenvl 




-t-prt" — 3tti\;1 
L c x. i_ di.LL_y _l 


i — _i_ i am y x. 


ortho-tolvl 


ohenvl 




+■ o "v* t~ » m \7 1 

Lc x l ciniy x 


T" ^ T*T" — 3 "m \ / 1 
Lei l cmiy x. 


mpt Pi — t n 1 \7 1 


tDhenvl 

k> * X X Vp^ X X 




+" a "r~ +" — a Tn \ 7 1 
LcX L alliy ± 


+* p Ti" — ^ Tn \7 1 
Lei l cuiiy j. 


naTa-tftl \/ 1 

k. ' CI J_ CI L. \-S _i_ y _L 


Dhenvl 

x x x x y *x> 




4— £~\ -y~ 4— _ arn « 7 "1 

UcXC ciuiyx 


fort" 3 rn \7~\ 

Lcl l, ciiiiyx 


9 \7 1 
£~ j ~) y_ yx y x 


ohenvl 




+— ->~ ^— — \ t t 1 

LcIL alUy X 


Lcl L dilly X 


c. f '-3. Ay xy x 


t> Vi pnv 1 

uiiwii y 




+- "y~ ^ — a Tn \ 7 "1 

l e x l diny x 


l_.t3._L L dlLl_y _L 


9 R — V \7 I \7 1 

c~ f —> y x y x 


Dhenvl 

V^f x x W X X y -X. 




ueiL aiuyi 


4— v 4- _ TTI T 7 1 

uci l. amy x 




r->h pnvl 




tcIL alliy X 


LCI L dUlyX 




nhenv 1 




Lei l aiuyi 


LcXL ctiiiyx 




nhenv "1 

L/ii wii y x. 




LeiL aiuyi 


4— -y- 4- -3 TTI \ 7 T 

Lcl L aiuyi 


Tn 0 C i 4- \ 7 "I 

iiic 0 x L_y x 


nh o ti v 1 




4— ^ "V 4" _ 3 TTI \ 7 1 

Lei L axiiyx 


f Q-rf p» TTI \7 1 

LCX. L dlLiy -L 


9 — ■t-pr't' — "K n 1~ \/ 1 nhpnvl 

1 — c j_ _. jj u uy x^nciiy i. 


ohenvl 

is x x w x x y j* 




4— ^fv ^» 4~ ™i yt\ t f 1 

Hex t. amy x 


Lcl l amy X 


T _•(- q y+- V-\ ^ "1 4- \7 "1 y-\ V> pntj"! 

O Lex L jju Lyxpiicny x 


nhpn v 1 

l»j lie xji y x 




4~ t- +~ m \ 7 1 

Lcl L dlliyx 


T* O T~ T* — ^ TTI \7 1 
LCI L ciniy X 


/I — fpr t- lmitvl nhpnvl 


ohenvl 

Mil w y -J— 




L e r L cllLL_y X 


fort' — a tti \r 1 

Lei l ciiiiyx 


9 — p"t"hpn\;l nhpnwl 
4C. c LiiciiyxjJiiciiyx 


nhpnvl 




4— v 4~ ^ ^inn \t 1 

. uex l aiuyi 


+" O V T~ — a TT1\7 T 

Lei l amy x 


— *aT*h<aTl\7l nhpfl vl 
w> c uiiciiy x uiiciiy x 


nhpnvl 

uiiwii y _x> 


■ 


text — amvl 


tert-amvl 


4-ethenylphenyl 


phenyl 




tert-amyl 


tert-amyl 


2-biphenylyl 


phenyl 




tert-amyl 


tert-amyl 


3-biphenylyl 


phenyl 




tert-amyl 


tert-amyl 


4-biphenylyl 


phenyl 




tert-amyl 


tert-amyl 


1-naphthyl 


phenyl 




tert-amyl 


tert-amyl 


2-naphthyl 


phenyl 




tert-amyl 


tert-amyl 


1, 1' -binaphthalene-2-yl 


phenyl 




tert-amyl 


tert-amyl 


2 -methoxyphenyl 


phenyl 




tert-amyl 


tert-amyl 


3-methoxyphenyl 


phenyl 




tert-amyl 


tert-amyl 


4 -methoxyphenyl 


phenyl 




tert-amyl 


tert-amyl 


2-tert-butoxyphenyl 


phenyl 




tert-amyl 


tert-amyl 


3-tert-butoxyphenyl 


phenyl 




tert-amyl 


tert-amyl 


4-tert-butoxyphenyl 


phenyl 




tert-amyl 


tert-amyl 


2-dimethylaminophenyl 


phenyl 
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[0106] [Table 20] 



Table 12-3 



R 


R 


R 3 


Ar 


Meltina 

X- -X v — - _A_ l»_ X X N-J 

point (°C) 
( Decomp - 
temp . ) 


tert- amvl 


ter t— amvl 


3— dime thvl ami nophenvl 


phenyl 




tert-amvl 


tert-amvl 


4— dime thvl ami noon en vl 


ohenvl 

r-S X- X A X y 




tert-amyl 


tert-amyl 


2' — dime thvlamino— 2 — biDhen v 

a_^> v** -A— 111 - a A ¥ _L» Mill *A> X. X V ■»>— ' *■ A, A X> A JT 

lvl 


phenyl 




Terr — ainvT 


tert— amvl 


8 — dime thvl ami no— 1 -naoh thvl 

V-4 ALL s™» lap* XX y — 1— Will X X V *A_ X X *— ^- X- X • x x y — *— 


Dhenvl 




tert-amyl 


tert-amyl 


2' —dime thvlamino— 1 , 1' — bina 

Xstf JwAiis^ *— ' x x y -X. win a x x _a* * a ' * a 

ohthalene— 2— vl 


phenyl 




tert— amvl 


tert— amvl 


benzvl 


phenyl 




fprt-amvl 


tert- amvl 


1— one n vie thvl 

^a, x x x x y «x» ^mi* x x y ^i— 


ohenvl 




tert — amvl 


ter t— amvl 


2 — ohen vie thvl 


phenyl 


- 


tert-amyl 


tert-amyl 


2-ethenylbenzyl 


phenyl 

x» -J 




tert-amyl 


tert-amyl 


3-ethenylbenzyl 


phenyl 




tert-amyl 


tert-amyl 


4-ethenylbenzyl 


phenyl 




tert-amyl 


tert-amyl 


4- (2~ethenylphenyl) butyl 


phenyl 




tert-amyl 


tert-amyl 


4- (3-ethenylphenyl) butyl 


phenyl 




tert-amyl 


tert-amyl 


4- (4-ethenylphenyl) butyl 


phenyl 




tert-amyl 


tert-amyl 


vinyl 


phenyl 




tert-amyl 


tert-amyl 


methallyl 


phenyl 




tert-amyl 


tert-amyl 


1-octenyl 


phenyl 




tert-amyl 


tert-amyl 


ethynyl 


phenyl 




tert-amyl 


tert-amyl 


1-propynyl 


phenyl 




tert-amyl 


tert-amyl 


1-octynyl 


phenyl 




tert-amyl 


tert-amyl 


allyl 


phenyl 




tert-amyl 


tert-amyl 


2-octenyl 


phenyl 
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[0107] [Table 21] 



Table 13-1 



R 1 


R 


R 


Ar 


Me 1 1 i n cr 

X «_L UXiiU 

point (°C) 
f Decomo 
teniD . ^ 


1 -adamantvl 


1 -adamantvl 


hvdjrocren 

x x y x— >_*» x_j v_* x x 


tohenvl 

X X ^b* X X y ■! i 




1 -arl3Tnan1"\7l 

x ci a in o. 1 i i— y _i_ 


1 — adamantvl 


TTie1"llV 1 


ohenvl 




"i — aHamantvl 


1 -adamantvl 

j_ auaiuciix v— y _l 


ethvl 

l- _ i y jl 


r>henvl 

x x x x y — _u 




X d<_ldlLLO il I— y X 


"1 -aHamantvl 

X d v_lulllQ 11 Ly 1 


7"! — tj T r> Tl \7 1 


ohenvl 

JL/l iciiy -L 




X aual Lid il L y ± 


1 ~aHaTnan1"ul 
x auaiiiau l y j. 


n — Fill t V 1 
ii i_/ u l_- y j_ 


T>h en v 1 

yiicii y __> 






1 — aHamant ul 

jl ci.v-aci.ii.ici.ii i— y _i_ 


"i <=; nhn t vl 

_L t_> LA L- y JL 


ohenv 1 

wiiwii y __— 




X dU dllLO 1 1 l_ y J_ 


"1 — aHamantvl 
X dv-idiiLdii l y i 


n-npn t v 1 

11 JJCU i— JL 


TJ Vl PfiVl 
l> nciiy — i_ 




1 — pHa TTl ^ Tl t \7 1 
x cm.diii.ci 11 1 y 


1 — adaTnanl* vl 

_l auaniQii l_ y jl 


__> o uuc Ji ->_y -L 


"ohenv 1 

Miiwii y _i_ 




1 a /H s» m ;a n +■ \t 1 

X dUdilict il i— y x 


"1 — aHamafit*\7l 
x d uaiLLu 11 i_ y x 


T| — Vl W 1 
ii iicA_y j. 


T)h pnvl 

k-> i iviiy _ i_ 




X dUdilid 11 1— Jy X 


"1 — -a H pi tti ant" \/1 
x auaiiLuii L.y i 


9— nrip»t hvl — 1 -npntvl 

__> ILL w Lily J. JL JL/ w 11 LV — L 


nhpn v 1 

jlvi icny — L 




X aUdlUall ty 1 


1 — aHaTTiant vl 
jl avj ciiiici ii L— y _l 


2 2-diethvl-l-ethvl 

s 1 \_a _1_ v_^ Lll V —L _w ■ LAI V _L 


nhpnv 1 

k/iiwii y __> 




T — 3 /H ^ m ^ Tt t \t 1 
X dt_idiLidii ^ y X 


1 — arlamanrvl 

X d v_l dllld 11 l_ y X 


11 lie yj I — y _l 


n Vi pnvl 

L*iiv_;ii_y _l 




1 — ^ H TTl PI n t \7 1 
x dv_i.diLLa.ii i— _y x 


1 — adaTnantvl 

X CL V_-lO.lL LCI 1 1 I— y J- 


n-nrt vl 

1 1 \_/ v_> v — ■ y _j_ 


Dhsnvl 

x x x x y _____ 




x auaiua. 11 l. _y x 


T — adamanl" vl 


T «5 OTi T" OTi V 1 

_L O V_/ LJ" JL V_> V _L 


Ti Vi en v 1 




"1 -3^3 TTl ^ Tl t \7 1 

x dv_Jdiua.il l» y x 


1 — aHamantvl 

X O V-l UlLLu 1 1 l_ V _L 


^pr-hnf vl 

o c. v— ' __/ i_i L_y j_ 


TsVie n v 1 




"1 — arlflTnaTil* vl 

_l a-iaiuci.i _/ 


1 —adamantvl 

JL U\vl_ilUbill ~y _L 


2 -Dentvl 
<_» y~s ^ — ■ ^ i y 


Dhenvl 




_l auaniaii i— _y jl 


1 — aHamanr vl 

JL Q H QUIU 1 1 1 — V JL 


Vnpntvl 

_j" k> w ii l y _i_ 


Dhenvl 

k_/ x x x x y ^-__ 




"I — 3r]3TTian"t"vl 

JL d HO 1LLC4. 11 L _y _l_ 


1 —adamantvl 

jl uvAuiuaii w y _l 


2 -hex vl 


tDhen vl 

K-' x x x x y «__» 




"1 — aHamanf vl 

_u auciiiiuii ' — y _i_ 


1 —adamantvl 


3— hex vl 


rjhen vl 

x x vh» x x y _____ 




1-adamantvl 


1— adamant yl 


tert— butyl 


phenyl 




1-adamantyl 


1-adamantyl 


tert-amyl 


phenyl 




1-adamantyl 


1-adamantyl 


1, 1-dimethylbutyl 


phenyl 




1- adamant yl 


1-adamantyl 


3-methyl-3-pentyl 


phenyl 




1-adamantyl 


1-adamantyl 


1, 1, 2-trimethylpropyl 


phenyl 




1-adamantyl 


1-adamantyl 


1-adamantyl 


phenyl 


* 


1-adamantyl 


1-adamantyl 


2 -methyl -1-adamantyl 


phenyl 




1-adamantyl 


1-adamantyl 


cyclopropyl 


phenyl 




1-adamantyl 


1-adamantyl 


cyclopentyl 


phenyl 




1-adamantyl 


1-adamantyl 


cyclohexyl 


phenyl 




1-adamantyl 


1-adamantyl 


1-methylcyclohexyl 


phenyl 




1-adamantyl 


1-adamantyl 


2-methylcyclohexyl 


phenyl 




1-adamantyl 


1-adamantyl 


2-adamantyl 


phenyl 




1-adamantyl 


1-adamantyl 


1 -methyl- 2- adamantyl 


phenyl 
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[0108] [Table 22] 



Table 13-2 



R 1 


R 2 


R 3 


Ar 


nc 1 Lin^ 

nnint /°r) 

^ i/CUUXLip * 


"1 _ rA zi mSi n +" \7 I 

1_ aLiaiiiaii uy l 


~\ — 5» H ^TT13 Tl \7 1 
X aUallluIl L. y _L 


O — TTl^ t" \7 1 — — ^HiRTTl^ n t" y 1 


k-' x 1 a i. y J- 




X a CI aula 11 Ly X 


X aUalllall uyi 


]Ji icr liy 1 


n Vi ^ ti \7 T 




1 ^— 3 /"J 3 TY1 3 T1 "t~ \ 7 1 

X aCJa.ILl.ciIl Ly 1 


"1 _ za, /-J za ma ti +" XT 1 
X aUalllall (-y-L 


nrfhn — "hoi \7 1 


T> Vl £=» Tl \7 1 
pile 11 y _i_ 




J. aQaIuaIlL.yi 


X aUaUld 1 1 L y X 


TTl "t - 3 — "t - r~\ 1 \ 7 1 
ILltr La LUly 1 


7~\ V\ Ck \7 T 
L^l iciiy JL 




i-auaiiianLyi 


x aaaiuan tyi 


pal a LUiyi 


>-\ Vi ^ T-i \ 7 "I 

pnciiy 1 




T -- <^J ^ Ym ^ V* T f 1 

X aQaruallLyi 


1 s /■*! a tyi 3 y~i "t~ \ 7 ~] 

X — dUdiila 11 Lyl 


z. / 0 Ayiyi 


r~» Vi ^ ti \/ T 




j. — a. aama n l y x 


X aQaiQa ntyi 


§ '-x Aylyl 


^-/i its 11 y 1 




1 aUaIIlaIlLyi 


X — a LI a 111 a 11 Lyl 


R — V \/l \7 1 


^71 iciiy j. 




l-aadiuanLyi 


x aaaman Lyi 


£ r o Ayiyi 


T-» T~» A T1 \7 1 

^jii t- ny x 




x aaaman Lyi 


x aaaman uyi 


Of*! xyiyi 


r~\ \~i a n u 1 

^Jiits ny 1 




1 — /-H ^ Y"\ +~ T T | 

± aaaluanLyi 


"1 —J »-3 —J 4- t 7 ] 

X dUallla 11 Lyl 


"3 R — V \7l \7 1 

0 / .j Ay j.y 1 


T~l Vl O Tl \7 1 

£ji its ny x 




1 — >>-l -4— » J I 

i aaamanuyi 


X aOa.rria.Il Lyl 


me 0 x Ly x 


V-i q n \ 7 1 
^Jiits ny 1 




1 ^ /"J ^ inn ^ t 7I 

_L a.Clairia.ni-.y-L 


T — 3 tti za n "T" w] 
X dUallla 11 L y X 


O "f - "r~ "t" — V^k it "t - \ 7 "1 t*^ n \ 7 1 

^ Lei l jju uy xpiiciiy ± 


"o Vi pn \/ 1 
jL/'iic: iiy 1 




1-aaaniani.yi 


x— aaaman uyi 


O Ltrl L *_> U Ly l£^llt21iy 1 


t~\ H 0 n \r "] 

jjixx: iiy 1 




X — aQaITla.riL.yX 


x — a u aiLia. 11 uy x 


H lci l jju Ly lpiiciiy 1 


y-\ Vl O Tl \7 "] 

uiiciiy -L 




x acxaiLiaii i_y x 


X aUalllall Ly 1 


O — 0"t~V"lOT-l\7l 1^1 T~l \7 1 

Liiciiy i^nciiy ± 


Y"N Vl C> T~» \7 "1 

L* 11— uy j. 




j- auuiuaii i— y jl 


1 — aHamanl" vl 


3-ethenvlDhenvl 


Dhenvl 




1-adamantyl 


1-adamantyl 


4-ethenylphenyl 


phenyl 




1- adamant yl 


1-adamantyl 


2-biphenylyl 


phenyl 




1-adamantyl 


1-adamantyl 


3-biphenylyl 


phenyl 




1-adamantyl 


1-adamantyl 


4-biphenylyl 


phenyl 




1-adamantyl 


1-adamantyl 


1-naphthyl 


phenyl 




1-adamantyl 


1-adamantyl 


2-naphthyl 


phenyl 




1-adamantyl 


1-adamantyl 


1, 1' -binaphthalene-2-yl 


phenyl 




1-adamantyl 


1-adamantyl 


2-methoxyphenyl 


phenyl 




1-adamantyl 


1-adamantyl 


3-methoxyphenyl 


phenyl 




1-adamantyl 


1-adamantyl 


4-methoxyphenyl 


phenyl 




1-adamantyl 


1-adamantyl 


2-tert-butoxyphenyl 


phenyl 




1-adamantyl 


1-adamantyl 


3-tert-butoxyphenyl 


phenyl 




1-adamantyl 


1-adamantyl 


4-tert-butoxyphenyl 


phenyl 
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[0109] [Table 23] 



Table 13-3 



R 1 


R 2 


R 3 


Ar 


rJc 1 L±IJy 

nn i nt (° C\ 

+■ f^rn'r^ ^ 


l^aualilantyi 


T — a /""l a YYl 3 T™» +* \ 7 1 

X dQaiUd n L. y X 


O _ A wi ^ +■ l-» \ T ~\ 3 TTI "T T~\ /~\ T~> Vi onT/l 
£. UXiLlC L.Iiy _L ClILtJ. LxKJytll Ully _L 






1 aaamaliLyi 


i"aaaiuanL.yi 


*— /"^ T TTI A +" V"l \ 7 "1 a TTI *1 T"» /""iV* V"» r> \/1 

o axms L.I iy x ctmx nopnenyi 


T~\ r~\ d T"\ \ 7 1 

£Ji lc ny x 




1-adamantyl 


1-adamantyl 


4-dimethylaminophenyl 


phenyl 




1- adamant yl 


1-adamantyl 


z — aime unyi ammo— z — Dip 
henylyl 


phenyl 




1-adamantyl 


1-adamantyl 


o — aime unyxamino— x — napn 
thyl 


phenyl 




1-adamantyl 


1-adamantyl 


z aime unyiami no— x , x — 
DinapnLnaiene z yx 


phenyl 




| . _ — ^ ^ Yin >*\ 4— t t i 

l~auamaliuyi 


X cL a a m a. nt y _L 




T^l \~> T*l \ 7 "1 

jjiiti iiy x 




i-aaamantyi 


x— aaamaniyi 


x — pne ny xe Tinyx 


pne ny x 




i— aaaman tyi 


x aaaman uyx 


z pnenyie Lnyx 


pne ny x 




1 dQamanLyl 


_L — aUalualltyi 


O _ £n +- on i?l V~\ a ti 7 t 7 1 

z cLnenyiDcii^yi 


pne iiy x 




i-aaanianuyi 


x— aaaman uyi 


j — e T.nenyiDenz y x 


V» Vl A "n T 7 1 

pne ny x 




x aaaman uyi 


x — auamanLyi 


/| -f - V-l A T T | V^k /"N n 7 T7 I 

fi eunenyiDciiiyi 


T~» V*» A YI \ 7 n 

£jiieny x 




1-adamantyl 


1-adamantyl 


yi 


phenyl 




1-adamantyl 


1-adamantyl 


4- (3-ethenylphenyl) but 

yi 


phenyl 




1-adamantyl 


1-adamantyl 


4- (4-ethenylphenyl) but 

yi 


phenyl 




1-adamantyl 


1-adamantyl 


vinyl 


phenyl 




1-adamantyl 


1-adamantyl 


methallyl 


phenyl 




1-adamantyl 


1-adamantyl 


1-octenyl 


phenyl 




1-adamantyl 


1-adamantyl 


ethynyl 


phenyl 




1-adamantyl 


1-adamantyl 


1-propynyl 


phenyl 




1-adamantyl 


1-adamantyl 


1-octynyl 


phenyl 




1-adamantyl 


1-adamantyl 


allyl 


phenyl 




1-adamantyl 


1-adamantyl 


2-octenyl 


phenyl 
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[0110] [Table 24] 



Table 14-1 



R 1 


R 2 


R 3 


Ar 


Meltiria point 

^ «X ^» ^ ^ak V» X X ^X» X X * 

(°C) (Decomp. 
temp . ) 


2 -adamantyl 


2-adamantyl 


hydrogen 


phenyl 




2- adamant yl 


2-adamantyl 


methyl 


phenvl 




2 -adamantyl 


2-adamantyl 


ethyl 


phenvl 




2 —adamantyl 


2-adamantyl 


n— propvl 


phenyl 





2— adamantyl 


2-adamantyl 


n— butyl 


phenvl 




2— adamant vl 


2 — adamantvl 


i s obutvl 


ohenvl 




2 —adamantyl 


2 -adamantvl 


n— pentvl 


phenvl 

> — ^ x x xx y ^x* 




2 —adamantyl 


2— adamantvl 


isooentvl 


ohenvl 

X X «h» XX y I 




2 -adamantyl 


2 -adamantvl 


n— hexyl 


ohenvl 

pnp*' x x >m ■* xx y * 




2 — adamant vl 


2— adamantvl 


2 — methvl — 1 — Dentvl 


ohenvl 

fcaf X X XX y 




2 — adamant vl 


2 —adamant vl 


2 , 2-diethvl-l-ethvl 


ohenvl 




2 -adamantyl 


2 -adamantvl 


n— heptyl 


ohen vl 

> ^ x x ^— ^ xx y -* 




2 -adamantyl 


2-adamantyl 


n-octyl 


ohenvl 




2— adamantyl 


2 —adamantyl 


isoproDvl 


ohenvl 

X X X x y Xi 




2- adamant vl 


2 — adamantvl 


sec-butyl 


ohenvl 

x x >-•» x x y j» 




2 -adamantyl 


2 — adamantyl 


2 — pentyl 


ohenvl 

x x *->— ■•- xx y 1 1 




2 -adamantyl 


2-adamantyl 


3-pentyl 


phenyl 





2 -adamantyl 


2— adamantyl 


2 — hexyl 


ohenvl 

r—r X X ^ ■ xx y 




2 -adamantyl 


2-adamantyl 


3-hexyl 


phenyl 




2 —adamantyl 


2— adamantyl 


tert- butyl 


phenyl 




2 -adamantyl 


2-adamantyl 


tert-amyl 


phenyl 




2-adamantyl 


2-adamantyl 


1, 1-dimethylbutyl 


phenyl 

x> «x 




2 -adamantyl 


2-adamantyl 


3 -methyl -3 -pentyl 


phenyl 




2-adamantyl 


2-adamantyl 


1,1, 2-trimethylpropyl 


phenyl 




2-adamantyl 


2-adamantyl 


1 -adamantyl 


phenyl 




2-adamantyl 


2-adamantyl 


2 -me thyl-1 -adamantyl 


phenyl 




2-adamantyl 


2-adamantyl 


cyclopropyl 


phenyl 




2-adamantyl 


2-adamantyl 


cyclopentyl 


phenyl 




2-adamantyl 


2-adamantyl 


cyclohexyl 


phenyl 




2-adamantyl 


2-adamantyl 


1-methylcyclohexyl 


phenyl 




2-adamantyl 


2-adamantyl 


2-methylcyclohexyl 


phenyl 




2-adamantyl 


2-adamantyl 


2-adamantyl 


phenyl 




2-adamantyl 


2-adamantyl 


1-methyl- 2-adamantyl 


phenyl 




2-adamantyl 


2-adamantyl 


2 -methyl -2 -adamantyl 


phenyl 




2-adamantyl 


2-adamantyl 


phenyl 


phenyl 
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[0111] [Table 25] 



Table 14-2 



1 

R 1 


R 


R 3 


Ar 


Mp 1 t t n rr 

Irl^Z JL L~ JL 1 1 y 

ooint (°C1 
f Dp r* nmn 

*— 1 1 ik—/ • y 


2 — adamant vl 

A^ A L L^^ A * j **>* 


2— adamant vl 


oirtho— tol vl 


Dhenvl 




2 — a clamant vl 


2 — adamantvl 


meta— tol vl 

ALL V— » - V— A ' — A_ y «A_ 


nhenv 1 

\~f 1 1 w 1 1 y -L 




2— adamantvl 


2 — adamant vl 


Dara-tolvl 


nhpnv 1 

i w ii _y jl 




2 — adamantvl 


2— adamantvl 

* a 1 Lit-*, i a i — y _i_ 


2 - 3-xvlvl 


■psVj f=» -n \/ "1 




2— adamantvl 

d\_idiLmii ^— y -i> 


2 — adama n t vl 


2 . 4— xvlvl 

/ ~ /\ y -i- y jl 


T^Vl ^ \7 1 
icii y jl 




2-adamantvl 


2 — adama n t vl 


2 5-xvlvl 

c~ f -—J jr*. y J— y jl 


T> Vl p n \; 1 




2— adamantvl 


2— adamantvl 


2 . 6 — x vl vl 


n Vi o "n \7 1 
^Ji itu xi_y jl 




2— adamantvl 


2 — adamant vl 

U.V1L11LLU11 


3 . 4— xvlvl 


nhp n v 1 

lie iiy x 


* 

: 


2 — aHatnant vl 


2 — adamantvl 

civ^iuiiLu ii L— y _i_ 


3 . S — x vl vl 


t*»Vi pn\/l 

L>Xl.t^ 11 V JL 




P-ariaTTiant" vl 


2 — adamantvl 


mp «5 "I t V 1 


T"» Vl C> \ 7 n 
JL^X IKS iiy X 




2 — adamantvl 


2 — adamant vl 

aw U viwilLlUll 1— » y -A- 


2-tert-butvlohenvl 

41* J. v— ' k*4 ^ V JL 1 1 ^— ■ 1 1 y 1 


r~» Vl a ti \7 1 
h-'i i w ii y x 




2 — adainantvl 


2— adamantvl 


3 — t T* t — hn t vl nhpnvl 


T~lVl ^ Tl \7 1 

kyi 1 1; ny x 




2 — adamantvl 


2 — adamant vl 


4 -tert-butvlnhenvl 


r~) Vl pnvl 
jjiicii y jl 




?-adamant vl 


2— adamant vl 


2 -pfhpnvl nln^n vl 


pile ll_y JL 




?-adamarit vl 


2— adamantvl 

av^iciiuciii l — y jl 


3— pthpnvl nhpn vl 


Vl PT1\/1 
fcsl 1 v5 iiy X 




2— adamant vl 

V*A- *m A A ILm A A w» y 1 


2— adamantvl 

AW V** ■*- L—L. ALL U A A y 1 


4 — e thenvlDhen vl 


nhen v 1 




2- adamant yl 


2— adamant yl 


2 — biphenvlvl 


phenyl 




2-adamantyl 


2-adamantyl 


3-biphenylyl 


phenyl 




2-adamantyl 


2-adamantyl 


4-biphenylyl 


phenyl 




2-adamantyl 


2-adamantyl 


1-naphthyl 


phenyl 




2-adamantyl 


2-adamantyl 


2-naphthyl 


phenyl 




2-adamantyl 


2-adamantyl 


1, 1' -binaphthalene-2-yl 


phenyl 




2-adamantyl 


2-adamantyl 


2-methoxyphenyl 


phenyl 




2-adamantyl 


2-adamantyl 


3-methoxyphenyl 


phenyl 




2-adamantyl 


2-adamantyl 


4-methoxyphenyl 


phenyl 




2-adamantyl 


2-adamantyl 


2-tert-butoxyphenyl 


phenyl 




2-adamantyl 


2-adamantyl 


3-tert-butoxyphenyl 


phenyl 




2-adamantyl 


2-adamantyl 


4-tert-butoxyphenyl 


phenyl 




2-adamantyl 


2-adamantyl 


2 -dime thy laminophenyl 


phenyl 




2-adamantyl 


2-adamantyl 


3-dimethylaminophenyl 


phenyl 
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[0112] [Table 26] 



Table 14-3 



R 1 

J*. X 


R 2 

X X 


R 3 


Ar 

AX. J— 


Mf* 1 1~ "i nrr nni nt" 

lluX L.111U UVJX 11 

(°C^ (DecomD 
temD 1 


2-adamantyl 


2-adamantyl 


4-dimethylaminophenyl 


phenyl 




2-adamantyl 


2-adamantyl 


2' — dimpth vl amino— 2 — h i 

V^XXLLw Ull V J. U1LIX 11 w -i- 

phenylyl 


phenyl 




2-adamantyl 


2-adamantyl 


8-dimethvl ainino-1 — "nar> 

\j uxitic uii y x. mux iiv jl iiul/ 

hthyl 


phenyl 




2-adamantyl 


2-adamantyl 


UXIUC l_i 1 y X CliLl JL 1 1 U X / X 

jjxiiapii L-iia J.CUC *l y x 


phenyl 




c~ CH_ia.illca.ll i— _y X 


C- CIUC1XLLC111 X 


p» n 7 \/ 1 
jjcii_ y i 


& \7 "1 




?-aHannantv1 

G I—* G 1 L LCI 11 L> V JL 


9 — ^HsmsTit vl 

auuiLiuii ' — y jl 


"1 — oViP*n vl eth\/l 

j- ' i x ii y x \^ uii y -i_ 


Tih ^ n \7 1 

k'llC 11 y X 




0 — pa rri a Ti "t~ \7 1 
aUlQlLLuli L V J. 


_- CI 1_1C3.1I.IC1. 11 1— y X 


? — nhpnvl p> +- Vi \ / 1 
ui iciiyic uuy i 


L-si icily x 




? — sH^rririntwl 


? — aHamanfvl 

^- uVAuiuuii y _l. 


?-ethenvlben z v \ 

Cm c uii w u y x A— ' ^5 ii y «x. 


t*)h p> n \7 1 

1 1 w jt i y x 




? — PlH^m^7Tt~\7l 
auiaiuau u y j. 


? — aHaTnan1"\7] 
ci Liciiuu 1 1 «— y x 


•J c Liiciiy xivciiii y x 


^Ji ici i y X 




7 — H ^ m ant" \/ 1 


— □r|a m ^ Tl "t - \7 1 
CI CJ.il LCI 11 uy J. 


4 — "t~ H n Y7 1 hpn 7 \7 1 
*a ~ i__i icily x i— ' c n _ y x 


Lyllc: i ly X 




2-adamantyl 


2-adamantyl 


4— ( 2 — ethenvlDhenvl ) bu 
tyl 


phenyl 




2-adamantyl 


2-adamantyl 


4- (3-ethenylphenyl ) bu 
tyl 


phenyl 




2-adamantyl 


2-adamantyl 


4- ( 4-ethenylphenyl) bu 
tyl 


phenyl 




2-adamantyl 


2-adamantyl 


vinyl 


phenyl 




2-adamantyl 


2-adamantyl 


methallyl 


phenyl 




2-adamantyl 


2-adamantyl 


1-octenyl 


phenyl 




2-adamantyl 


2-adamantyl 


ethynyl 


phenyl 




2-adamantyl 


2-adamantyl 


1-propynyl 


phenyl 




2-adamantyl 


2-adamantyl 


1-octynyl 


phenyl 




2-adamantyl 


2-adamantyl 


allyl 


phenyl 




2-adamantyl 


2-adamantyl 


2-octenyl 


phenyl 
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[0113] [Table 27] 



Table 15-1 



1 

R 1 


9 

R 


R 


Ar 


Melting 
point (°C) 
(Decomp - 
temp . ) 


tert-butyl 


tert-butyl 


hydrogen 


para-tolyl 




tert— butyl 


tert-butyl 


methyl 


para— tolyl 


157-166 


tert-butyl 


tert-butyl 


ethyl 


para-tolyl 




tert— but vl 


tert-butvl 


n-pr opyl 


para— tolyl 




tert— butvl 


tert-butvl 


n-butyl 


para— tol vl 

nmr «B^v ^B^B ^BB B^B> W BB 




tert— butvl 


tert-butvl 


isobutyl 


para-tolyl 




tert— butvl 


tert-butvl 

^B» JL> * B^B' ^BV If ^BW 


n— pentvl 


para— tol vl 




tert -butvl 

^BW laWr * B^B^ ^B^i ^BB W «B»- 


tert-butvl 

^B^P Bto ^BB B^BT ^B^ ^ I ^ V MB 


isopentyl 


para-tolyl 




tert— butvl 


tert-butvl 


n-hexyl 


para— tol vl 




tert— butvl 

^taB» ^BBk> WB* *^B^ %BV* T pis 


tert-butvl 


2— methvl— 1— pentvl 

^■■l B- % ^B^ ^BF a> Bh W ^B*t ^B^ 4> W ^BM» 


para— tol vl 

*B^ B#W ^B^ ■ ■ W 




tert— butvl 

^B' ^B' B^BB B^BBT ^B^ ^BV W ^B^B> 


tert-butyl 


2,2-diethyl-l-ethyl 


para-tolyl 




tert-butvl 


tert-butvl 

^BB ^B^ *^«" *B» W ^B^B 


n-heptvl 

B» Bfe •> B* ^B^ ^HBT^ y IBP 


para— tol vl 

B* ^B^B ^B» WB1 W BB^B 




tert-butvl 


tert-butyl 


n-octyl 


para-tolyl 




tert-butvl 

^ib^ «b^ b^bb^ ^b^» w «b» 


tert-butvl 

^HB- B^B' ^B^ ^B» JT ^BMB 


isopropvl 

^Bj» fcB» Bb P^B^ W *B^BB 


para-tolyl 




tert-butvl 

^■^B Bte B^BT ^B^fc ^BBF W ^BBB 


tert-butvl 

^Bf" ^"^^ BBBB ^BB- *V ^B^ «BV W *B^p 


sec-butyl 


para-tolyl 




tert-butyl 


tert-butyl 


2-pentyl 


para-tolyl 




tert— butyl 


tert-butyl 


3-pentyl 


para-tolyl 




tert-butyl 


tert-butyl 


2-hexyl 


para-tolyl 




tert-butyl 


tert-butyl 


3-hexyl 


para-tolyl 




tert-butyl 


tert-butyl 


tert-butyl 


para-tolyl 


179-201 


tert-butyl 


tert-butyl 


tert-amyl 


para-tolyl 




tert-butyl 


tert-butyl 


1, 1-dimethylbutyl 


para-tolyl 




tert-butyl 


tert-butyl 


3-methyl-3-pentyl 


para-tolyl 




tert-butyl 


tert-butyl 


1,1, 2-trimethylpropyl 


para-tolyl 




tert-butyl 


tert-butyl 


1-adamantyl 


para-tolyl 




tert-butyl 


tert-butyl 


2 -methyl - 1-adamantyl 


para-tolyl 




tert-butyl 


tert-butyl 


cyclopropyl 


para-tolyl 




tert-butyl 


tert-butyl 


cyclopentyl 


para-tolyl 




tert-butyl 


tert-butyl 


cyclohexyl 


para-tolyl 




tert-butyl 


tert-butyl 


1-methylcyclohexyl 


para-tolyl 




tert-butyl 


tert-butyl 


2-methylcyclohexyl 


para-tolyl 




tert-butyl 


tert-butyl 


2-adamantyl 


para-tolyl 




tert-butyl 


tert-butyl 


l-methyl-2-adamantyl 


para-tolyl 




tert-butyl 


tert-butyl 


2 -methyl- 2-adamantyl 


para-tolyl 




tert-butyl 


tert-butyl 


phenyl 


para-tolyl 





SF-1113 

94 



[0114] [Table 28] 



Table 15-2 



R 1 


R 2 


R 3 


Ar 


Melting 
point 
(°C) 

(Decomp . 
temp . ) 


tert-butyl 


tert-butyl 


ortho-tolyl 


para-tolyl 




tert-butyl 


tert-butyl 


meta-tolyl 


para-tolyl 




tert-butyl 


tert-butyl 


para-tolyl 


para-tolyl 




tert-butyl 


tert-butyl 


2, 3-xylyl 


para-tolyl 




tert-butyl 


tert-butyl 


2, 4-xylyl 


para-tolyl 




tert-butyl 


tert-butyl 


2, 5-xylyl 


para-tolyl 




tert-butyl 


tert-butyl 


2, 6-xylyl 


para-tolyl 




tert-butyl 


tert-butyl 


3 , 4-xylyl 


para-tolyl 




tert-butyl 


tert-butyl 


3 , 5-xylyl 


para-tolyl 




tert-butyl 


tert-butyl 


mesityl 


para-tolyl 




tert-butyl 


tert-butyl 


2-tert-butylphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


3-tert-butylphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


4-tert-butylphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


2-ethenylphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


3-ethenylphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


4-ethenylphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


2-biphenylyl 


para-tolyl 




tert-butyl 


tert-butyl 


3-biphenylyl 


para-tolyl 




tert-butyl 


tert-butyl 


4-biphenylyl 


para-tolyl 




tert-butyl 


tert-butyl 


1-naphthyl 


para-tolyl 




tert-butyl 


tert-butyl 


2-naphthyl 


para-tolyl 




tert-butyl 


tert-butyl 


1, 1' -binaphthalene-2-yl 


para-tolyl 




tert-butyl 


tert-butyl 


2-methoxyphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


3 -me thoxyphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


4-methoxyphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


2-tert-butoxyphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


3-tert-butoxyphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


4-tert-butoxyphenyl 


para-tolyl 




tert-butyl 


tert-butyl 


2-dimethylaminophenyl 


para-tolyl 




tert-butyl 


tert-butyl 


3-dimethylaminophenyl 


para-tolyl 
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[0115] [Table 29] 



Table 15-3 



_ 1 

R 


R 


^3 

R 


Ar 


Melting 
point CO 
( De comD . 
temp . ) 


tert-butyl 


tert-butyl 


4-dimethylaminopheny 
1 


■■ 

para-tolyl 




tert-butyl 


tert-butyl 


2' -dimethyl ami no- 2— b 
iphenylyl 


para-tolyl 





tert-butyl 


tert-butyl 


8 -dimethyl amino— 1-na 
phthyl 


para-tolyl 


* 


tert-butyl 


tert-butyl 


2 ' — dimeth vlamino— 1 , 1 
' -binaphthalene-2 — yl 


para-tolyl 




tert-butyl 


tert-butyl 


benzyl 


para- tolvl 




tert-butyl 


tert-butyl 


1 -phenyl ethyl 


para-tolyl 




tert-butyl 


tert-butyl 


2 -phenyl ethyl 


para— tolvl 




tert-butvl 


tert-butvl 


2 -e then vibe nz vl 


par a— tolvl 




tert-butyl 


tert-butyl 


3-ethenylbenzyl 


para-tolyl 




tert-butyl 


tert-butyl 


4-ethenylbenzyl 


para— tolvl 




tert-butyl 


tert-butyl 


4- ( 2-ethenylphenyl ) b 
utyl 


para-tolyl 




tert-butyl 


tert-butyl 


4- (3-ethenylphenyl ) b 
utyl 


para-tolyl 




tert-butyl 


tert-butyl 


4- ( 4-ethenylphenyl ) b 
utyl 


para-tolyl 




tert-butyl 


tert-butyl 


vinyl 


para-tolyl 




tert-butyl 


tert-butyl 


methallyl 


para-tolyl 




tert-butyl 


tert-butyl 


1-octenyl 


para-tolyl 




tert-butyl 


tert-butyl 


ethynyl 


para-tolyl 




tert-butyl 


tert-butyl 


1-propynyl 


para-tolyl 




tert-butyl 


tert-butyl 


1-octynyl 


para-tolyl 




tert-butyl 


tert-butyl 


allyl 


para-tolyl 




tert-butyl 


tert-butyl 


2-octenyl 


para-tolyl 




isopropyl 


isopropyl 


isopropyl 


para-tolyl 




n-butyl 


cyclohexyl 


cyclohexyl 


para-tolyl 




cyclopentyl 


cyclopentyl 


cyclopentyl 


para-tolyl 




cyclohexyl 


cyclohexyl 


cyclohexyl 


para-tolyl 


129-131 
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[0116] [Table 30] 



Table 16-1 



K 


K 


R 


Ar 


Melting 
point (°C) 
(Decomp . 
temp . ) 


tert-amyl 


tert-amyl 


hydrogen 


para-tolyl 


i 


tert-amyl 


tert-amyl 


methyl 


para-tolyl 




tert-amyl 


tert-amyl 


ethyl 


para-tolyl 




tert-amyl 


tert-amyl 


n-propyl 


para-tolyl 




tert-amyl 


tert-amyl 


n-butyl 


para-tolyl 




tert-amyl 


tert-amyl 


isobutyl 


para-tolyl 




tert-amyl 


tert-amyl 


n-pentyl 


para-tolyl 




tert-amyl 


tert-amyl 


isopentyl 


para-tolyl 




tert-amyl 


tert-amyl 


n-hexyl 


para-tolyl 




tert-amyl 


tert-amyl 


2 -methyl- 1-pentyl 


para-tolyl 




tert-amyl 


tert-amyl 


2, 2-diethyl-l-ethyl 


para-tolyl 




tert-amyl 


tert-amyl 


n-heptyl 


para-tolyl 




tert-amyl 


tert-amyl 


n-octyl 


para-tolyl 




tert-amyl 


tert-amyl 


isopropyl 


para-tolyl 




tert-amyl 


tert-amyl 


sec-butyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-pentyl 


para-tolyl 




tert-amyl 


tert-amyl 


3-pentyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-hexyl 


para-tolyl 




tert-amyl 


tert-amyl 


3-hexyl 


para-tolyl 




tert-amyl 


tert-amyl 


tert-butyl 


para-tolyl 




tert-amyl 


tert-amyl 


tert-amyl 


para-tolyl 




tert-amyl 


tert-amyl 


1, 1-dimethylbutyl 


para-tolyl 




tert-amyl 


tert-amyl 


3 -me thy 1- 3-pentyl 


para-tolyl 




tert-amyl 


tert-amyl 


1, 1, 2-trimethylpropyl 


para-tolyl 




tert-amyl 


tert-amyl 


1-adamantyl 


para-tolyl 




tert-amyl 


tert-amyl 


2 -methyl- 1-adamantyl 


para-tolyl 




tert-amyl 


tert-amyl 


cyclopropyl 


para-tolyl 




tert-amyl 


tert-amyl 


cyclopentyl 


para-tolyl 




tert-amyl 


tert-amyl 


cyclohexyl 


para-tolyl 




tert-amyl 


tert-amyl 


1-methylcyclohexyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-methylcyclohexyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-adamantyl 


para-tolyl 




tert-amyl 


tert-amyl 


1 -methyl- 2 -adamantyl 


para-tolyl 




tert-amyl 


tert-amyl 


2 -methyl- 2-adamantyl 


para-tolyl 




tert-amyl 


tert-amyl 


phenyl 


para-tolyl 
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[0117] [Table 31] 



Table 16-2 



R 1 


R 2 

- 


R 3 


Ar 


Melting 
point 
(°C) 

(Decomp . 
temp . ) 


tert-amyl 


tert-amyl 


ortho-tolyl 


para-tolyl 




tert-amyl 


tert-amyl 


meta-tolyl 


para-tolyl 




tert-amyl 


tert-amyl 


para-tolyl 


para-tolyl 




tert-amyl 


tert-amyl 


2 / 3-xylyl 


para-tolyl 




tert-amyl 


tert-amyl 


2, 4-xylyl 


para-tolyl 




tert-amyl 


tert-amyl 


2, 5-xylyl 


para-tolyl 




tert-amyl 


tert-amyl 


2, 6-xylyl 


para-tolyl 




tert-amyl 


tert-amyl 


3, 4-xylyl 


para-tolyl 




tert-amyl 


tert-amyl 


3 , 5-xylyl 


para-tolyl 




tert-amyl 


tert-amyl 


mesityl 


para-tolyl 




tert-amyl 


tert-amyl 


2-tert-butylphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


3-tert-butylphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


4-tert-butylphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-ethenylphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


3-ethenylphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


4-ethenylphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-biphenylyl 


para-tolyl 




tert-amyl 


tert-amyl 


3-biphenylyl 


para-tolyl 




tert-amyl 


tert-amyl 


4-biphenylyl 


para-tolyl 




tert-amyl 


tert-amyl 


1-naphthyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-naphthyl 


para-tolyl 




tert-amyl 


tert-amyl 


1, 1' -binaphthalene-2-yl 


para-tolyl 




tert-amyl 


tert-amyl 


2-methoxyphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


3-methoxyphenyl 


para-tolyl ; 




tert-amyl 


tert-amyl 


4-methoxyphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-tert-butoxyphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


3-tert-butoxyphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


4-tert-butoxyphenyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-dimethylaminophenyl 


para-tolyl 




tert-amyl 


tert-amyl 


3-dimethylaminophenyl 


para-tolyl 
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[0018] [Table 32] 



Table 16-3 



R 1 


R 2 


R 3 


Ar 


Melting 
—* 

point 
(°C) 

(Decomp . 
temp . ) 


tert-amyl 


tert-amyl 


4-dimethylaminophenyl 

md. Jm, *d. 


para- tolyl 




tert-amyl 


tert-amyl 


2' -dimethylamino-2-biphen 
ylyl 


para- tolyl 




tert-amyl 


tert-amyl 


8-dimethylamino-l-naphthy 
1 


para-tolyl 




tert-amyl 


tert-amyl 


2' -dimethylamino-1 , 1' -bin 

-* * 

aphthalene-2-yl 


para-tolyl 




tert-amyl 


tert-amyl 


benzyl 


para-tolyl 




tert-amyl 


tert-amyl 


1 -phenyl ethyl 


para-tolyl 




tert-amyl 


tert-amyl 


2 -phenyl ethyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-ethenylbenzyl 


para-tolyl 




tert-amyl 


tert-amyl 


3-ethenylbenzyl 


para-tolyl 




tert-amyl 


tert-amyl 


4-ethenylbenzyl 


para-tolyl 




tert-amyl 


tert-amyl 


4- ( 2-ethenylphenyl) butyl 


para-tolyl 




tert-amyl 


tert-amyl 


4- (3-ethenylphenyl) butyl 


para-tolyl 




tert-amyl 


tert-amyl 


4- (4-ethenylphenyl) butyl 


para-tolyl 




tert-amyl 


tert-amyl 


vinyl 


para-tolyl 




tert-amyl 


tert-amyl 


me thallyl 


para-tolyl 




tert-amyl 


tert-amyl 


1-octenyl 


para-tolyl 




tert-amyl 


tert-amyl 


ethynyl 


para-tolyl 




tert-amyl 


tert-amyl 


1-propynyl 


para-tolyl 




tert-amyl 


tert-amyl 


1-octynyl 


para-tolyl 




tert-amyl 


tert-amyl 


allyl 


para-tolyl 




tert-amyl 


tert-amyl 


2-octenyl 


para-tolyl 
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[0119] [Table 33] 



Table 17-1 



R 1 


R 2 


R 3 


Ar 


Meltincr 
point 
(°C) 

( Decomo . 
temp - ) 


1-adamantyl 


1-adamantyl 


hydrogen 


Dara-tolvl 




1-adamantyl 


1-adamantyl 


methyl 


para— tol vl 




1-adamantyl 


1-adamantyl 


ethyl 


para— tol vl 




1-adamantyl 


1-adamantyl 


n-propyl 


para— tol vl 




1-adamantyl 


1-adamantyl 


n-butyl 


para— tolvl 




1-adamantyl 


1— adamant yl 


isobutyl 


para— tol vl 




1-adamantyl 


1-adamantyl 


n-pentyl 


para— tol vl 




1-adamantyl 


1-adamantyl 


isopentvl 


para— tol vl 




1-adamantyl 


1— adamant yl 


n-hexyl 


para— tol vl 




1-adamantyl 


1— adamant yl 


2 -methyl- 1-pentvl 


para— tol vl 




1-adamantyl 


1-adamantyl 


2, 2-diethyl-l-ethvl 


para— tol vl 




1-adamantyl 


1-adamantyl 


n-heptyl 


para— tol vl 




1-adamantyl 


1-adamantyl 


n-octyl 


para— tolvl 




1-adamantyl 


1-adamantyl 


isopropvl 


para— tol vl 





1-adamantyl 


1-adamantyl 


sec-butyl 


para- tolyl 




1-adamantyl 


1-adamantyl 


2-pentyl 


para— tol vl 




1-adamantyl 


1-adamantyl 


3-pentyl 


para- tolyl 




1-adamantyl 


1-adamantyl 


2-hexyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


3-hexyl 


para- tolyl 




1-adamantyl 


1-adamantyl 


tert-butyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


tert-amyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1, 1-dimethylbutyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


3 -methyl -3-pentyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1,1, 2-trimethylpropyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1-adamantyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2 -methyl -1-adamantyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


cyclopropyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


cyclopentyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


cyclohexyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1-methylcyclohexyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2 -methyl cyclohexyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2-adamantyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1 -me thyl - 2 - adaman ty 1 


para-tolyl 




1-adamantyl 


1-adamantyl 


2 -me thyl - 2 - adaman ty 1 


para-tolyl 




1-adamantyl 


1-adamantyl 


phenyl 


para-tolyl 
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[0120] [Table 34] 



Table 17-2 



R 1 


R 2 


R 3 


Ar 


Melting 
point 
(°C) 

(Decomp . 
temp . ) 


1-adamantyl 


1-adamantyl 


ortho-tolyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


meta-tolyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


para-tolyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2, 3-xylyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2, 4-xylyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2, 5-xylyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2, 6-xylyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


3 , 4-xylyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


3 , 5-xylyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


mesityl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2-tert-butylphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


3-tert-butylphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


4-tert-butylphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2-ethenylphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


3-ethenylphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


4-ethenylphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2-biphenylyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


3-biphenylyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


4-biphenylyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1-naphthyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2-naphthyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1, 1' -binaphthalene-2 

-yi 


para-tolyl 




1-adamantyl 


1-adamantyl 


2 -me thoxyphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


3 -me thoxyphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


4 -me thoxyphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2-tert-butoxyphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


3-tert-butoxyphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


4-tert-butoxyphenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2-dimethylaminopheny 
1 


para-tolyl 




1-adamantyl 


1-adamantyl 


3 -dimethyl ami nopheny 
1 


para-tolyl 
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[0121] [Table 35] 



Table 17-3 



R 1 


R 2 


R 3 


Ar 


Meltincr 
point 
(°C) 

( DecomD . 
temp . ) 


1-adamantyl 


1-adamantyl 


4 -dimethyl ami nopheny 
1 


para-tolyl 




1 -adamant yl 


1-adamantyl 


2' -dimethylamino-2-b 
iphenylyl 


para-tolyl 


- 


1- adamant yl 


1-adamantyl 


8-dimethylamino-l-na 
phthyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2' -dimethylamino- 1 , 1 
' -binaphthalene-2-yl 


para-tolyl 




1-adamantyl 


1-adamantyl 


benzyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1-phenylethyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2-phenylethyl 

C J _z 


para- tolvl 




1-adamantyl 


1-adamantyl 


2-ethenylbenzyl 


para— tolvl 




1-adamantyl 


1-adamantyl 


3-ethenylbenzyl 


para— tolvl 




1-adamantyl 


1-adamantyl 


4-ethenylbenzyl 


para-tolyl 




l-aaamantyi 


1— adamant yx 


4- (2-ethenylphenyl) b 
utyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


4- (3-ethenylphenyl) b 
utyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


4- (4-ethenylphenyl) b 
utyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


vinyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


methallyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1-octenyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


ethynyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1-propynyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


1-octynyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


allyl 


para-tolyl 




1-adamantyl 


1-adamantyl 


2-octenyl 


para-tolyl 
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[0122] [Table 36] 



Table 18-1 



R 1 


R 2 


r3 


Ar 


Melting 
point 
(°C) 

(Decomp . 
temp . ) 


2- adamant yl 


2-adamantyl 


hydrogen 


para-tolyl 




2-adamantyl 


2-adamantyl 


methyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


ethyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


n-propyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


n-butyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


isobutyl 


para-tolyl 


• 


2-adamantyl 


2-adamantyl 


n-pentyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


isopentyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


n-hexyl 


para-tolyl 




2-adamantyl 


2^adamantyl 


2-methyl-l-pentyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2, 2-diethyl-l-ethyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


n-heptyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


n-octyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


isopropyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


sec-butyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-pentyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3-pentyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-hexyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3-hexyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


tert-butyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


tert-amyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1, 1-dimethylbutyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3 -methyl -3-pentyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1,1, 2-trimethylpropyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1-adamantyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2 -methyl- 1-adamantyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


cyclopropyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


cyclopentyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


cyclohexyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1-methylcyclohexyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-methylcyclohexyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-adamantyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1-methyl- 2-adamantyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2 -methyl- 2-adamantyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


phenyl 


para-tolyl 
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[0123] [Table 37] 



Table 18-2 



R 1 


R 2 


• 

R 3 


Ar 


Melting 
point 
(°C) 

(Decomp . 
temp - ) 


2 -adamant yl 


2-adamantyl 


ortho-tolyl 


para-tolyl 




2- adamant yl 


2-adamantyl 


meta-tolyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


para-tolyl 


para-tolyl 




2-adamantyl 


2-adamantyl 

-* 


2, 3-xylyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2 , 4-xylyl 


para-tolyl 




2-adamantyl 


2-adamantyl 

-* 


2, 5-xylyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2, 6-xylyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3 , 4-xylyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3 , 5-xylyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


mesityl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-tert-butylphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3-tert-butylphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


4-tert-butylphenyl 


para— tol vl 




2-adamantyl 


2-adamantyl 


2-ethenylphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3 -ethenylphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


4 -ethenylphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-biphenylyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3-biphenylyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


4-biphenylyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1-naphthyl* 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-naphthyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1, 1' -binaphthalene-2 

-yi 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-methoxyphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3 -methoxyphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


4-methoxyphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-tert-butoxyphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3-tert-butoxyphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


4-tert-butoxyphenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-dimethylaminopheny 
1 


para-tolyl 




2-adamantyl 


2-adamantyl 


3 -dimethyl ami nopheny 
1 


para-tolyl 
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[0124] [Table 38] 



Table 18-3 



R 


R 


R 


Ar 


Melting 
point (°C) 
(Decomp . 
temp . ) 


2— adamant yl 


2-adamantyl 


4-dimethylaminophen 

yi 


para-tolyl 




2-adamantyl 


2-adamantyl 


2' -dimethylamino-2- 
biphenylyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


8 -dime thy 1 ami no- 1 -n 
aphthyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2' -dimethylamino-1, 
1' -binaphthalene-2- 

yi 


para-tolyl 




2-adamantyl 


2-adamantyl 


benzyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1-phenylethyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-phenylethyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-ethenylbenzyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


3-ethenylbenzyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


4-ethenylbenzyl 


para-tolyl 




uuaiuaii L y _L_ 


7 — 3 c\ a TTi a ni" t/1 


4- (2-ethenylphenyl) 
butyl 


para— toiyi 




2-adamantyl 


2-adamantyl 


4- (3-ethenylphenyl) 
butyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


4- (4-ethenylphenyl) 
butyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


vinyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


methallyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1-octenyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


ethynyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1-propynyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


1-octynyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


allyl 


para-tolyl 




2-adamantyl 


2-adamantyl 


2-octenyl 


para-tolyl 
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[0125] 

EXAMPLES 

The present invention will be described with reference 
to the following examples, but it should be construed that the 
5 invention is in no way limited to the examples. The processes 
for producing a phosphonium borate compound, the novel 
phosphonium borate compounds, and the use of the compounds will 

i 

be described by Examples A relating to trialkylphosphonium 
tetraphenylborates and Examples B relating to novel 
10 phosphonium borate compounds. 
[Example A-l] 

Production of tri-tert-butylphosphonium tetraphenylborate 

A 30-ml four-necked flask sufficiently purged with argon 
was equipped with a stirrer, a thermometer and a reflux 

15 condenser. 8.1 g (40 mmol) of tri-tert-butylphosphine and 8 . 1 
ml of heptane were weighed in the flask, followed by stirring 
to dissolve tri-tert-butylphosphine. While the stirring was 
continuously carried out, 8.0 ml (40 mmol) of 5N hydrochloric 
acid was added to the solution, and the mixture was stirred 

20 at 25°C for 1 hour. Thereafter, the organic phase was analyzed 
by gas chromatography, which confirmed the disappearance of 
tri-tert-butylphosphine, and the reaction was completed. 
After the completion of the reaction, the liquid was separated. 
The aqueous phase was washed with 8.1 ml of heptane. The 



SF-1113 

106 

aqueous phase was assumed to contain tri-tert-butylphosphine 
hydrochloride dissolved therein. 
[0126] 

A 300-ml four-necked flask was equipped with a stirrer, 
5 a thermometer and a reflux condenser. 15.1 g (44 mmol) of 
sodium tetraphenylborate and 60 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 
tetraphenylborate. While the stirring was continuously 
carried out, the aqueous solution of tri-tert-butylphosphine 

10 hydrochloride was added to the solution, and the mixture was 
stirred at 25°C for 3 hours. After the completion of the 
reaction, the precipitated product was filtered off. The so 
obtained crystal was suspended in 100 ml of toluene at 50°C, 
and the suspension was cooled to 25°C and filtered. The 

15 product filtered off was washed with 100 ml of toluene. The 
crystal was then suspended in 100 ml of methanol at 50 °C, and 
the suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of methanol. The crystal 
obtained was dried to give 18.2 g of objective 

20 tri-tert-butylphosphonium tetraphenylborate as white crystal. 
The yield (mol%) was 87% based on tri-tert-butylphosphine. 
[0127] 

The crystal was analyzed by the methods indicated below 
and was identified to be tri-tert-butylphosphonium 
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tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 185-201°C (decomposition) 

(2) 1 H-NMR spectrum (5 in DMSO-d6) 

1.54 ppm (d, 27H, J=15.2 Hz, H 3 C-C-P) 
5.23-7.07 ppm (brd, 1H, H-P) 

i 

6.79 ppm (t, 4H, J=7.34 Hz, Ph-B) 
6.92 ppm (t, 8H, J=7.34 Hz, Ph-B) 
7.18 ppm (brs, 8H, Ph-B) 

(3) 13 C-NMR spectrum (5 in DMS0-d6) 

2 9.3 ppm (s, H 3 C-C-P) 

36.3 ppm (d, J=2 8.6 Hz, H 3 C-C-P) 

121.4 ppm (s, Ph-B) 

125.2 ppm (dd, J=3 . 1 Hz, 5.6 Hz, Ph-B) 

135.5 ppm (d, J=1.2 Hz, Ph-B) 

163.3 ppm (dd, "J=49.4 Hz, 98.5 Hz, Ph quaternary-B) 

(4) IR spectriam (KBr) 2395 cm" 1 
[Example A-2] 

Production of tri-tert-butylphosphonium tetraphenylborate 

A 30-ml four-necked flask sufficiently purged with argon 
was equipped with a stirrer, a thermometer and a reflux 
condenser. 8.1 g (40 rainol) of tri-tert-butylphosphine and 8 . 1 
ml of heptane were weighed in the flask, followed by stirring 
to dissolve tri-tert-butylphosphine. While the stirring was 
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continuously carried out, 11.0 ml (22 mmol) of 4N sulfuric acid 
was added to the solution, and the mixture was stirred at 25°C 
for 1 hour. Thereafter, the organic phase was analyzed by gas 
chromatography, which confirmed the disappearance of 
tri-tert-butylphosphine, and the reaction was completed. 
After the completion of the reaction, the liquid was separated. 
The aqueous phase was washed with 8.1 ml of . heptane. The 
aqueous phase was assumed to contain tri-tert-butylphosphine 
sulfate dissolved therein. 
[0128] 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 16.4 g (48 mmol) of 
sodium tetraphenylborate and 66 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 
tetraphenylborate. While the stirring was continuously 
carried out, the aqueous solution of tri-tert-butylphosphine 
sulfate was added to the solution, and the mixture was stirred 
at 25°C for 3 hours. After the completion of the reaction, 
the precipitated product was filtered off. The so obtained 
crystal was suspended in 100 ml of toluene at 50°C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of toluene. The crystal 
was then suspended in 100 ml of methanol at 50°C, and the 
suspension was cooled to 25°C and filtered. The product 
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filtered off was washed with 100 ml of methanol. The crystal 
obtained was dried to give 19.4 g of objective 
tri-tert-butylphosphonium tetraphenylborate as. white crystal 
The yield (moll) was 93% based on tri-tert-butylphosphine . 
[0129] 

The crystal was analyzed by the methods indicated below 
and was identified to be tri-tert-butylphosphonium 
tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 185-201°C (decomposition) 

(2) 1 H-NMR spectrum (6 in DMSO-d6) 

1.54 ppm (d, 27H, J=15.2 Hz, H 3 C~C-P) 
5.23-7.07 ppm (brd, 1H, H-P) 
6.79 ppm (t, 4H, J=7.34 Hz, Ph-B) 
6.92 ppm (t, 8H, J=7.34 Hz, Ph-B) 
7.18 ppm (brs, 8H, Ph-B) 

(3) 13 C-NMR spectrum (5 in DMSO-d6) 

2 9.3 ppm (s, H 3 C-C-P) 

36.3 ppm (d, J=28.6 Hz, H3C-C-P) 

121.4 ppm (s, Ph-B) 

125.2 ppm (dd, J=3 . 1 Hz, 5.6 Hz, Ph-B) 

135.5 ppm (d, J=l .2 Hz, Ph-B) 

163.3 ppm (dd, J=49.4 Hz, 98.5 Hz, Ph quaternary-B) 

(4) IR spectrum (KBr) 2395 cm" 1 
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[Example A-3] 

Production of tri-n-butylphosphonium tetraphenylborate 

The procedures in Example A-l were repeated except that 
8.1 g (40 mmol) of tr i- tert-butylphosphine was replaced with 
5 8.1 g (40 mmol) of tri-n-butylphosphine . Consequently, 18.8 
g of objective tri-n-butylphosphonium tetraphenylborate was 
obtained as white crystal. The yield (mol%) was 90% based on 
tri-n-butylphosphine . 
[0130] 

10 The crystal was analyzed by the methods indicated below 

and was identified to be tri-n-butylphosphonium 
tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 114-116°C (decomposition) 
15 (2) ^H-NMR spectrum (5 in DMSO-d6) 

0.91 ppm (t, 9H, J=7.15 Hz, H 3 C- (CH 2 ) 3 -P) 

1.33-1.46 ppm (m, 6H, H 3 C- (CH 2 1 3 -P) 

1.48-1.60 ppm (m, 6H, H 3 C- (CH 2 2_ 3 -P) 

2.10-2.30 ppm (m, 6H, H 3 C- (CH 2 J_ 3 -P) 
20 5.34-7.18 ppm (brd, 1H, H-P) 

6.79 ppm (t, 4H, J=7.06 Hz, Ph-B) 

6.92 ppm (t, 8H, J=7.0 6 Hz, Ph-B) 

7.18 ppm (brs, 8H, Ph-B) 
(3) 13 C-NMR spectrum (5 in DMSO-d6) 
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13.1 ppm (s, H 3 C-CH 2 -CH 2 -CH 2 -P) 

15.8 ppm (d, J=46.0 Hz, H 3 C-CH 2 -CH2--CH 2 -P) 
23.0 ppm (d, J=15.5 Hz, H 3 C-CH 2 -CH 2 -CH 2 -P) 

23.9 ppm (d, J=4.4 Hz, H 3 C-CH 2 -CH 2 -CH 2 -P) 
5 121.5 ppm (s, Ph-B) 

125.3 ppm (dd, J=2 . 5 Hz, 5.0 Hz, Ph-B) 
135.7 ppm (s, Ph-B) 

163.5 ppm (dd, J=49.1 Hz, 98.8 Hz, Ph quaternary-B) 

(4) IR spectrum (KBr) 2361 cm" 1 • 
10 [Example A-4] 

Production of tricyclohexylphosphonium tetraphenylborate 

The procedures in Example A-l were repeated except that 

8.1 g (40 mmol) of tri-tert-butylphosphine was replaced with 

11.2 g (40 mmol) of tricyclohexylphosphine . Consequently, 
15 21.4 g of objective tricyclohexylphosphonium 

tetraphenylborate was obtained as white crystal. The yield 

(moll) was 89% based on tricyclohexylphosphine. 

[0131] 

The crystal was analyzed by the methods indicated below 
20 and was identified to be tricyclohexylphosphonium 

tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 171-177°C (decomposition) 

(2) X H-NMR spectrum (5 in DMS0-d6) 



1.17-1.89 ppm (m, 30H, cyclohexyl secondary) 
2.43-2.56 ppm (m, 3H, cyclohexyl tertiary) 
5.76 ppm (brd, 1H, J=470.6 Hz, H-P) 
6.79 ppm (t, 4H, J=7 .34 Hz, Ph-B) 
6.93 ppm (t, 8H, J=7.34 Hz, Ph-B) 
7.19 ppm (brs, 8H, Ph-B) 

(3) 13 C-NMR spectrum (5 in DMS0-d6) 

24.6 ppm (d, J=1.2 Hz, cyclohexyl secondary) 
25.6 ppm (d, J=13.1 Hz, cyclohexyl secondary) 
26.9 ppm (d, J=39.8 Hz, cyclohexyl tertiary) 
27.0 ppm (d, J=3 . 1 Hz, cyclohexyl secondary) 

121.4 ppm (s, Ph-B) 

125.2 ppm (dd, J=3.1 Hz, 5.6 Hz, Ph-B) 

135.5 ppm (d, J=l .2 Hz, Ph-B) 

163.3 ppm (dd, J=49.1 Hz, 98.8 Hz, Ph quaternary-B) 

(4) IR spectrum (KBr) 2359 cm" 1 
[Example A- 5] 

Synthesis of 2-ortho-tolylpyridine from 2-chloropyridine and 
ortho-tolylboronic acid 

(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.568 g (5 mmol) of 
2-chloropyridine, 0.748 g (5.5 mmol) of ortho-tolylboronic 
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acid, 0.011 g (0.05 mmol) of palladium (II) acetate, 0.959 g 
(17 mmol) of potassium fluoride and 10 ml of tetrahydrof uran 
were weighed in the flask, followed by stirring. Further, 
0.026 g (0.05 mmol) of tri-tert-butylphosphonium 
5 tetraphenylborate obtained in Example A-l was weighed in air 
and added into the flask. The flask was purged with argon, 
followed by stirring at 25°C for 24 hours. After the 
completion of the reaction, 10 ml of 10% agueous sodium 
hydroxide solution was added, followed by separation. The 
10 organic phase was purified by column chromatography to afford 
0.711 g of 2-ortho-tolylpyridine (yield: 84 mol% based on 
2-chloropyridine) . The identification of the product was made 
by mass spectroscopy. 
[0132] 

15 Mass spectrum [EI mode] M/Z 169 (M + ) 

[Example A- 6] 

Synthesis of 4-methylbiphenyl from 4-bromotoluene and 
phenylmaqnesium chloride 

(Synthesis in which tri-tert-butylphosphonium 
20 tetraphenylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer, a dropping funnel and a reflux condenser . 0.014 
g (0.08 mmol) of palladium (II) chloride, 0.0194 g (0.19 mmol) 
of triethylamine and 5.5 ml of tetrahydrof uran were weighed 



in the flask, followed by stirring. Further, 0.084 g (0.16 
mmol) of tri-tert-butylphosphonium tetraphenylborate 
obtained in Example A-l was weighed in air and added into the 
flask. The flask was purged with argon, followed by stirring 
at 21°C for 30 minutes. 1.368 g (8 mmol) of 4-bromotoluene 
was added, followed by stirring at 21 °C for 30 minutes. 4 ml 
(8.8 mmol ) of 2 . 2M tetrahydrof uran solution of phenylmagnesium 
chloride was added dropwise at 21°C over a period of 10 minutes, 
followed by stirring at 21 °C for 2 hours. After the completion 
of the reaction, 5 ml of saturated aqueous ammonium chloride 
solution was added, followed by separation. The organic phase 
was purified by column chromatography to afford 1.175 g of 
4-methylbiphenyl (yield: 87 mol% based on 4-bromotoluene) . 
The identification of the product was made by mass 
spectroscopy. 
[0133] 

Mass spectrum [EI mode] M/Z 168 (M + ) 
[Example A-7] 

Synthesis of 4-vinylbiphenyl from bromobenzene and 
4-vinylphenylmaqnesium chloride 
(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 100-ml four-necked flask was equipped with a stirrer, 
a thermometer, a dropping funnel and a reflux condenser. 
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0.0674 g (0.3 mmol) of palladium (II) acetate and 6 ml of 
tetrahydrofuran were weighed in the flask, followed by 
stirring. Further, 0.314 g (0.6 irtmol) of 

tri-tert-butylphosphonium tetraphenylborate obtained in 
5 Example A-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 19°C for 
30 minutes. 4.710 g (30 mmol) of bromobenzene was added, 

■ 

followed by stirring at 19°C for 30 minutes. 40 ml (50 mmol) 
of 1.25M tetrahydrofuran solution of 4-vinylphenylmagnesium 

10 chloride was added dropwise at 19°C over a period of 2 hours, 
followed by stirring at 30°C for 2 hours. After the completion 
of the reaction, 10 ml of saturated aqueous ammonium chloride 
solution was added, followed by separation. The organic phase 
was purified by column chromatography to afford 4.450 g of 

15 4-vinylbiphenyl (yield: 82 mol% based on bromobenzene) . The 
identification of the product was made by mass spectroscopy. 
[0134] 

Mass spectrum [EI mode] M/Z 180 (M + ) 
[Example A-8] 

2 0 Synthesis of 1-phenylheptane from n-heptyl chloride and 
phenylmagnesium chloride 

(Synthesis in which tricyclohexylphosphonium 
tetraphenylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 



a thermometer, a dropping funnel and a reflux condenser. 0.027 
g (0.12 mmol) of palladium (II) acetate and 7 ml of 
N-methylpyrrolidinone were weighed in the flask, followed by, 
stirring. Further, 0.072 g (0.12 mmol) of 
tricyclohexylphosphonium tetraphenylborate obtained in 
Example A-4 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 25°C for 
30 minutes. 0.404 g (3 mmol) of n-heptyl chloride was added, 
followed by stirring at 25°C for 30 minutes. 2 ml (4.4 mmol) 
of 2.2M tetrahydrofuran solution of phenylmagnesium chloride 
was added dropwise at 25°C over a period of 10 minutes, followed 
by stirring at 25°C for 19 hours. After the completion of the 
reaction, 6 ml of tetrahydrofuran and 10 ml of saturated aqueous 
ammonium chloride solution were added, followed by separation . 
The organic phase was purified by column chromatography to 
afford 0.435 g of 1-phenylheptane (yield: 82 moll based on 
n-heptyl chloride) . The identification of the product was 
made by mass ispectroscopy . 
[0135] 

Mass spectrum [EI mode] M/Z 176 (M + ) 
[Example A- 9] 

Synthesis of 4-cyanobiphenyl from 4-chlorobenzonitrile and 
phenyl zinc chloride 

(Synthesis in which tri-tert-butylphosphonium 
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tetraphenylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.022 g (0.1 rnmol) of 
palladium (II) acetate and 7 ml of N-methylpyrrolidinone were 
5 weighed in the flask, followed by stirring. Further, 0.105 
g (0.2 mmol) of tri-tert-butylphosphonium tetraphenylborate 
obtained in Example A-l was weighed in air and added into the 
flask. The flask was purged with argon, followed by stirring 
at 25°C for 30 minutes to prepare a reaction liquid. 
10 [0136] 

A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer, a dropping funnel and a reflux condenser . 1 . 090 
g (8 mmol) of zinc chloride and 4 ml of N-methylpyrrolidinone 
were weighed in the flask. The flask was purged with argon, 

15 followed by stirring. 3.4 ml (7.5 mmol) of 2 . 2M 

tetrahydrof uran solution of phenylmagnesium chloride was 
added dropwise at 25°C over a period of 30 minutes, followed 
by stirring at 25°C for 30 minutes. The reaction liquid 
previously obtained was added, followed by stirring at 25°C 

20 for 30 minutes. Further, 0.688 g (5 mmol) of 

4-chlorobenzonitrile was added, followed by stirring at 120°C 
for 9 hours. After the completion of the reaction, 10 ml of 
toluene and 10 ml of saturated aqueous ammonium chloride 
solution were added, followed by separation. The organic 
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phase was purified by column chromatography to afford 0.670 
g of 4-cyanobiphenyl (yield: 75 mol% based on 
4-chlorobenzonitrile) . The identification of the product was 
made by mass spectroscopy. 
5 [0137] 

Mass spectrum [EI mode] M/Z 179 (M + ) 
[Example A-10] 

Synthesis of 1-phenylheptane from chlorobenzene and 
n-heptylzinc chloride 

10 (Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.022 g (0.1 mmol) of 
palladium (II) acetate and 7 ml of N-methylpyrrolidinone were 

15 weighed in the flask, followed by stirring. Further, 0.105 
g (0.2 mmol) of tri-tert-butylphosphonium tetraphenylborate 
obtained in Example A-l was weighed in air and added into the 
flask. The flask was purged with argon, followed by stirring 
at 25°C for 30 minutes to prepare a reaction liquid. 

20 [0138] 

A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer, a dropping funnel and a reflux condenser . 1 . 090 
g (8 mmol) of zinc chloride and 4 ml of N-methylpyrrolidinone 
were weighed in the flask. The flask was purged with argon, 
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followed by stirring. 3 . 5 ml (7 mraol) of 2M tetrahydrof uran 
solution of n-heptylmagnesium chloride was added dropwise at 
25°C over a period of 30 minutes, followed by stirring at 25°C 
for 30 minutes. The reaction liquid previously obtained was 
5 added, followed by stirring at 25°C for 30 minutes. Further, 
0.558 g (5 mmol) of chlorobenzene was added, followed by 
stirring at 120 °C for 16 hours. After the completion of the 
reaction, 10 ml of toluene and 10 ml of saturated aqueous 
ammonium chloride solution were added, followed by separation . 
10 The organic phase was purified by column chromatography to 
afford 0.684 g of 1-phenylheptane (yield: 78 mol% based on 
chlorobenzene) . The identification of the product was made 
by mass spectroscopy. 
[0139] 

15 Mass spectrum [EI mode] M/Z 176 (M + ) 

[Example A-ll] 

Synthesis of 2-methylbiphenyl from 2-chlorotoluene and 
tri-n-butylphenyltin 

(Synthesis in which tri-tert-butylphosphonium 
20 tetraphenylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.045 g (0.2 mmol) of 
palladium (II) acetate, 1.337 g (8.8 mmol) of cesium fluoride 
and 4 ml of 1,4-dioxane were weighed in the flask, followed 
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by stirring. Further, 0.418 g (0.8 mmol) of 
tri-tert-butylphosphonium tetraphenylborate obtained in 
Example A-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 25°C for 
5 30 minutes. 0.506 g (4 mmol) of 2-chlorotoluene and 1.391 g 
(4.2 mmol) of tri-n-butylphenyltin were added, followed by 
stirring at 95°C for 18 hours. After the completion of the 
reaction, 10 ml of toluene and 10 ml of saturated sodium 
chloride solution were added, followed by separation. The 
10 organic phase was purified by column chromatography to afford 
0.508 g of 2-methylbiphenyl (yield: 76 moll based on 
2-chlorotoluene) . The identification of the product was made 
by mass spectroscopy. 
[0140] 

15 Mass spectrum [EI mode] M/Z 168 (M + ) 

[Example A-12] 

Synthesis of 2-methylbiphenyl from 2-bromotoluene and 
tri-n-butylphenyltin 

(Synthesis in which tri-tert-butylphosphonium 
20 tetraphenylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.045 g (0.2 mmol) of 
palladium (II) acetate, 1.337 g (8.8 mmol) of cesium fluoride 
and 4 ml of N-methylpyrrolidinone were weighed in the flask, 
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followed by stirring. Further, 0.418 g (0.8 mmol) of 
tri-tert-butylphosphonium tetraphenylborate obtained in 
Example A-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 25°C for 
5 30 minutes. 0. 684 g (4 mmol) of 2-brbmotoluene and 1.391 g 
(4.2 mmol) of tri-n-butylphenyltin were added, followed by 
stirring at 40°C for 17 hours. After the completion of the 
reaction, 10 ml of toluene and 10 ml of saturated sodium 
chloride solution were added, followed by separation. The 
10 organic phase was purified by column chromatography to afford 
0.495 g of 2-methylbiphenyl (yield: 74 mol% based on 
2-bromotoluene) . The identification of the product was made 
by mass spectroscopy. 
[0141] 

15 Mass spectrum [EI mode] M/Z 168 (M + ) 

[Example A-13] 

Synthesis of (E) -3- ( 4-dimethylaminophenyl ) -2-methylacrylic 
acid methyl ester from 4-dimethylaminobromobenzene and methyl 
methacrylate 

20 (Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 1.000 g (5 mmol) of 
4-dimethylaminobromobenzene, 1.001 g (10 mmol) of methyl 



methacrylate, 0.011 g (0.012 mmol) of 

tris (dibenzylideneacetone) dipalladium (0), 1.074 g (5.5 mmol) 
of dicyclohexylmethylamine and 5 ml of tetrahydrof uran were 
weighed in the flask, followed by stirring. Further, 0.026 
g (0.05 mmol) of tri-tert-butylphosphonium tetraphenylborate 
obtained in Example A-l was weighed in air and added into the 
flask. The flask was purged with argon, followed by stirring 
at 30°C for 25 hours. After the completion of the reaction, 
5 ml of toluene and 10 ml of saturated sodium chloride solution 
were added, followed by separation. The organic phase was 
purified by column chromatography to afford 0.951 g of 
(E) -3- (4-dimethylaminophenyl) -2-methylacrylic acid methyl 
ester (yield: 87 mol% based on 4-dimethylaminobromobenzene) . 
The identification of the product was made by 1 H-NMR and 13 C-NMR. 

(1) 1 H-NMR spectrum (5 in CDC1 3 ) 

2.15 ppm (s, 3H, H 3 C-C) 
2.98 ppm (s, 6H, H 3 CN) 
3.78 ppm (s, 3H, H 3 CO) 

6.69 ppm (d, J=8.8 Hz, 2H, ring proton) 
7.37 ppm (d, J=8.8 Hz, 2H, ring proton) 
7 . 62 ppm (s, 1H, HC=) 

(2) 13 C-NMR spectrum (5 in CDC1 3 ) 

14.2, 40.1, 51.8, 111.6, 123.1, 123.7, 131.6, 139.4, 

150.3, 169.8 ppm 
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[Example A-14] 

Synthesis of ( trans ) -4-acetylstilbene from 
4 ' -chloroacetophenone and styrene 
(Synthesis in which tri-tert-butylphosphonium 
5 tetraphenylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.773 g (5 mmol) of 
4' -chloroacetophenone, 1.042 g (10 mmol) of styrene, 0.034 g 
(0.038 mmol) of tris (dibenzylideneacetone) dipalladium (0), 

10 1. 074 g (5.5 mmol) of dicyclohexylmethylamine and 5 ml of 
tetrahydrofuran were weighed in the flask, followed by 
stirring. Further, 0.078 g (0.15 mmol) of 
tri-tert-butylphosphonium tetraphenylborate obtained in 
Example A-l was weighed in air and added into the flask. The 

15 flask was purged with argon, followed by stirring at 30°C for 
37 hours . After the completion of the reaction, 5 ml of toluene 
and 10 ml of saturated sodium chloride solution were added, 
followed by separation. The organic phase was purified by 
column chromatography to afford 0.834 g of 

20 (trans) -4-acetylstilbene (yield: 75 mol% based on 

4 ' -chloroacetophenone) . The identification of the product 
was made by mass spectroscopy, 1 H-NMR and 13 C-NMR. 

(1) Mass spectrum [EI mode] M/Z 222 (M + ) 

(2) 1 H-NMR spectrum (5 in CDC1 3 ) 
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2.60 ppm (s, 3H, H 3 C) 

7.11 ppm (d, J=16.5 Hz, 1H, HC=) 

7.22 ppm (d, J=16.5 Hz, 1H, HC=) 

7.24-40 ppm (m, 3H, ring proton) 

7.53 ppm (d, J=7.2 Hz, 2H, ring proton) 

7.57 ppm (d, J=8.7 Hz, 2H, ring proton) 

7.94 ppm (d, J=8.7 Hz, 2H, ring proton) 

(3) 13 C-NMR spectrum (5 in CDC1 3 ) 

26.9, 126.6, 126.9, 127.5, 128.4, 128.9, 129.0, 131.5, 

136.0, 136.8, 142.1, 197.5 ppm 

[Example A-15] 

Synthesis of (E) -3- (2, 6-dimethylphenyl ) -2-methylacrylic acid 
methyl ester from 2-chloro-meta-xylene and methyl 
methacrylate 

(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.7 03 g (5 mmol) of 
2-chloro-meta-xylene, 1.001 g (10 mmol) of methyl methacrylate, 
0.034 g (0.038 mmol) of tris (dibenzylideneacetone) dipalladium 

(0), 1 .074 g (5.5 mmol) of dicyclohexylmethylamine and 5 ml 
of 1 , 4-dioxane were weighed in the flask, followed by stirring . 
Further, 0.078 g (0.15 mmol) of tri-tert-butylphosphonium 
tetraphenylborate obtained in Example A-l was weighed in air 
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and added into the flask. The flask was purged with argon, 
followed by stirring at 120°C for 37 hours. After the 
completion of the reaction, 5 ml of toluene and 10 ml of 
saturated sodium chloride solution were added, followed by 
separation. The organic phase was purified by column 
chromatography to afford 0.774 g of 

(E) -3- (2 , 6-dimethylphenyl ) -2-methylacrylic acid methyl ester 
(yield: 76 mol% based on 2-chloro-meta-xylene) . The 
identification of the product was made by 1 H-NMR and 13 C-NMR. 

(1) 1 H-NMR spectrum (5 in CDC1 3 ) 

1.71 ppm (d, J=l.l Hz, 3H, H 3 C-C=) 

2.18 ppm (s, 6H, H 3 C) 

3.84 ppm (s, 3H, H 3 CO) 

7.00-7.15 ppm (m, 3H, ring proton) 

7.66 ppm (s, 1H, HC=) 

(2) 13 C-NMR spectrum (5 in CDC1 3 ) 

13.6, 19.9, 51.8, 127.2, 127.3, 130.3, 135.0, 135.2, 
139.0, 168.2 ppm 
[Example A-16] 

Synthesis of diphenylacetylene from bromobenzene and 
phenylacetylene 

(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
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a thermometer and a reflux condenser. 0.034 g (0.15 mmol) of 
palladium (II) acetate, 0.019 g (0.1 mmol) of copper (I) iodide, 
1.088 g (6 mmol) of dicyclohexylamine and 5 ml of 
tetrahydrofuran were weighed in the flask, followed by 
5 stirring. Further, 0.157 g (0.3 mmol) of 

tri-tert-butylphosphonium tetraphenylborate obtained in 
Example A-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 
30 minutes. 0.785 g (5 mmol) of bromobenzene and 1.021 g (10 

10 mmol) of phenylacetylene were added, followed by stirring at 
30°C for 17 hours. After the completion of the reaction, 10 
ml of tetrahydrofuran, 5 ml of toluene and 15 ml of saturated 
sodium chloride solution were added, followed by separation. 
The organic phase was purified by column chromatography to 

15 afford 0.880 g of diphenylacetylene (yield: 99 moll based on 
bromobenzene) . The identification of the product was made by 
mass spectroscopy. 
[0142] 

Mass spectrum [EI mode] M/Z 178 (M + ) 
20 [Example A-17] 

Synthesis of diphenylacetylene from bromobenzene and 
phenylacetylene 

(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 
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A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.034 g (0.15 mmol) of 
palladium (II) acetate, 1.088 g (6 mmol) of dicyclohexylamine 
and 5 ml of tetrahydrof uran were weighed in the flask, followed 
5 by stirring. Further, 0.157 g (0.3 mmol) of 

tri-tert-butylphosphonium tetraphenylborate obtained in 
Example A-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 
30 minutes. 0.785 g (5 mmol) of bromobenzene and 0.613 g (6 

10 mmol) of phenylacetylene were added, followed by stirring at 
30°C for 14 hours. After the completion of the reaction, 10 
ml of tetrahydrof uran, 5 ml of toluene and 15 ml of saturated 
sodium chloride solution were added, followed by separation. 
The organic phase was purified by column chromatography to 

15 afford 0.840 g of diphenylacetylene (yield: 94 mol% based on 
bromobenzene) . The identification of the product was made by 
mass spectroscopy . 
[0143] 

Mass spectrum [EI mode] M/Z 178 (M + ) 
20 [Example A-18] 

Synthesis of 4- [ ( trimethylsilyl ) ethynyl ] benzaldehyde from 
4-bromobenzaldehyde and trimethylsilylacetylene 
(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 
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A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.034 g (0.15 mmol) of 
palladium (II) acetate, 0.019 g (0.1 mmol) of copper (I) iodide, 
1.088 g (6 mmol) of dicyclohexylamine and 9 ml of 
tetrahydrof uran were weighed in the flask, followed by 
stirring. Further, 0.157 g (0.3 mmol) of 
tri-tert-butylphosphonium tetraphenylborate obtained in 
Example A-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 
30 minutes. 0.925 g (5 mmol) of 4-bromobenzaldehyde and 0.58 9 
g (6 mmol) of trimethylsilylacetylene were added, followed by 
stirring at 30°C for 17 hours. After the completion of the 
reaction, 10 ml of tetrahydrof uran, 5 ml of toluene and 15 ml 
of saturated sodium chloride solution were added, followed by 
separation. The organic phase was purified by column 
chromatography to afford 0.893 g of 

4- [ (trimethylsilyl) ethynyl] benzaldehyde (yield: 88 mol% 
based on 4-bromobenzaldehyde) . The identification of the 
product was made by 1 H~MMR and 13 C-NMR. 
(1) 1 H-NMR spectrum (5 in CDC1 3 ) 
0.2 6 ppm (s, 9H, H 3 C) 

7.59 ppm (d, J=8.1 Hz, 2H, ring proton) 
7.81 ppm (d, J=8 . 1 Hz, 2H, ring proton) 
9.99 ppm (s, 1H, HC) 
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(2) C-NMR spectrum (6 in CDC1 3 ) 

-0.2, 99.0, 103.8, 129.3, 129.4, 132.5, 135.6, 191.4 ppm 
[Example A- 19] 
Synthesis of 

5 4- (N, N-dimethylaminophenyl ) -2-methyl-3-butyne-2-ol from 
4-bromo-N, N-dimethylaniline and 2-methyl-3-butyne-2-ol 
(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 

10 a thermometer and a reflux condenser. 0.034 g (0.15 mmol) of 
palladium ( II ) acetate, 0 . 019 g (0.1 mmol ) of copper ( I ) iodide, 
1.088 g (6 mmol) of dicyclohexylamine and 5 ml of 
tetrahydrof uran were weighed in the flask, followed by 
stirring. Further, 0.157 g (0.3 mmol) of 

15 tri-tert-butylphdsphonium tetraphenylborate obtained in 

Example A-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 
30 minutes. 1.000 g (5 mmol) of 4-bromo-N, N-dimethylaniline 
and 0.505 g (6 mmol) of 2-methyl-3-butyne-2-ol were added, 

20 followed by stirring at 30°C for 17 hours* After the 

completion of the reaction, 10 ml of tetrahydrof uran, 5 ml of 
toluene and 15 ml of saturated sodium chloride solution were 
added, followed by separation . The organic phase was purified 
by column chromatography to afford 0.876 g of 
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4- (N, N-dimethylaminophenyl ) -2-methyl-3-butyne-2-ol (yield: 
8 6 inol% based on 4-bromo-N, N-dimethylaniline ) . The 
identification of the product was made by mass spectroscopy, 
1 H-NMR and 13 C-NMR. 

(1) Mass spectrum [EI mode] M/Z 203 (M + ) 

(2) 1 H-NMR spectrum (5 in CDC1 3 ) 

1.58 ppm (s, 6H, H 3 CC) 
2.8 6 ppm (s, 6H, H 3 CN) 
3.38 ppm (s, 1H, HO) 

6.54 ppm (d, J=9.0 Hz, 2H, ring proton) 

7.76 ppm (d, J=9.0 Hz, 2H, ring proton) 

»\ 

(3) 13 C-NMR spectrum (5 in CDC1 3 ) 

31.4, 39.8, 65.0, 82.4, 91.6, 109.6, 111.6, 132.3, 149.7 

ppm 

[Example A-20] 

Synthesis of (4-f luorophenyl) -2-methyl-3-butyne-2~ol from 
l-bromo-4-f luorobenzene and 2-methyl-3-butyne-2-ol 
(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.034 g (0.15 mmol) of 
palladium (II) acetate, 1.088 g (6 mmol) of dicyclohexylamine 
and 5 ml of tetrahydrof uran were weighed in the flask, followed 
by stirring. Further, 0.157 g (0.3 mmol) of 
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tri-tert-butylphosphonium tetraphenylborate obtained in 
Example A-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 
30 minutes. 0.875 g (5 mmol) of l-bromo-4-f luorobenzene and 
5 0.505 g (6 mmol) of 2-methyl-3-butyne-2-ol were added, 
followed by stirring at 30°C for 17 hours. After the 
completion of the reaction, 10 ml of tetrahydrof uran, 5 ml of 
toluene and 15 ml of saturated sodium chloride solution were 
added, followed by separation. The organic phase was purified 
10 by column chromatography to afford 0.8 64 g of 

(4-f luorophenyl) -2-methyl-3-butyne-2-ol (yield: 97 mol% 
based on 1-bromo - 4 - f luorobenzene ) . The identification of the 
product was made by X H-NMR and 13 C-NMR. 

(1) 1 H-NMR spectrum (5 in CDC1 3 ) 
15 1.59 ppm (s, 6H, H 3 C) 

3.41 ppm (s, 1H, HO) 

6.88-6.95 ppm (m, 2H, ring proton) 
7.30-7.36 ppm (m, 2H, ring proton) 

(2) 13 C-NMR spectrum (5 in CDC1 3 ) 

20 31.5, 65.3, 80.8, 93.6, 115.3 (d, J=21.8Hz), 122.1 (d, 

J=492.3 Hz), 133.3 (d, J=8.7 Hz), 162.2 (d, J=249.2 Hz) ppm 
[Example A-21] 

Synthesis of 1 , 2-diphenyl-l-propanone from chlorobenzene and 
propiophenone 
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(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.022 g (0.1 mmol) of 
5 palladium (II) acetate, 0.721 g (7.5 mmol) of 

sodium-tert-butoxide and 5 ml of tetrahydrof uran were weighed 

■ 

in the flask, followed by stirring. Further, 0.052 g (0.1 
mmol) of tri-tert-butylphosphonium tetraphenylborate 
obtained in Example A-l was weighed in air and added into the 

10 flask. The flask was purged with argon, followed by stirring 
at 22°C for 30 minutes. 0.563 g (5 mmol) of chlorobenzene was 
added, followed by stirring at 22°C for 30 minutes. 0.738 g 
(5.5 mmol) of propiophenone was added, followed by stirring 
at 70°C for 6 hours. After the completion of the reaction, 

15 2 . 5 ml of water was added, followed by separation . The organic 
phase was purified by column chromatography to afford 0.814 
g of 1 , 2-diphenyl-l-propanone (yield: 77 mol% based on 
chlorobenzene) . The identification of the product was made 
by mass spectroscopy, 1 H-NMR and 13 C-NMR. 

20 (1) Mass spectrum [EI mode] M/Z 210 (M + ) 
(2) 1 H-NMR spectrum (5 in CDC1 3 ) 

1.54 ppm (d, J=6.8 Hz, 3H, H 3 C) 
4.7 0 ppm (q, J=6.8 Hz, 1H, HC) 
7.17-7.23 ppm (m, 1H, Ph) 
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7.29-7.30 ppm (m, 4H, Ph) 
7.37-7.40 ppm (m, 2H, Ph) 
7.48 ppm (t, J=7.3 Hz, 1H, Ph) 
7.95 ppm (d, J=7.3 Hz, 2H, Ph) 
5 (3) 13 C-NMR spectrum (5 in CDC1 3 ) 

19.6, 47.9, 127.0, 127.8, 128.5, 128.8, 129.0, 132.3, 
136.5, 141.6, 200.3 ppm 
[Example A-22] 

Synthesis of 1 , 2-diphenyl-l-propanone from bromobenzene and 

10 propiophenone 

(Synthesis in which tri- tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 3 0 -ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.011 g (0.05 mmol) of 

15 palladium (II) acetate, 1.442 g (15 mmol) of 

sodium-tert-butoxide and 10 ml of tetrahydrof uran were weighed 
in the flask, followed by stirring. Further, 0.026 g (0.05 
mmol) of tri-tert-butylphosphonium tetraphenylborate 
obtained in Example A-l was weighed in air and added into the 

20 flask. The flask was purged with argon, followed by stirring 
at 25°C for 30 minutes. 1.570 g (10 mmol) of bromobenzene was 
added, followed by stirring at 25°C for 30 minutes. 1.476 g 
(11 mmol) of propiophenone was added, followed by stirring at 
25°C for 17 hours. After the completion of the reaction, 5 
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ml of water was added, followed by separation. The organic 
phase was purified by column chromatography to afford 2.065 
g of 1 , 2-diphenyl-l-propanone (yield: 98 mol% based on 
bromobenzene) . The identification of the product was made by 
5 mass spectroscopy, 1 H-NMR and 13 C-NMR. 

(1) Mass spectrum [EI mode] M/Z 210 (M + ) 

(2) 1 H-NMR spectrum (5 in CDC1 3 ) 

1.54 ppm (d, J=6.8 Hz, 3H, H 3 C) 

4.70 ppm (q, J=6 . 8 Hz, 1H, HC) 
10 7.17-7.23 ppm (m, 1H, Ph) 

7.29-7.30 ppm (m, 4H, Ph) 

7.37-7.40 ppm (m, 2H, Ph) 

7.4 8 ppm (t, J=7.3 Hz, 1H, Ph) 

7.95 ppm (d, J=7.3 Hz, 2H, Ph) 
15 (3) 13 C-NMR spectrum (5 in CDC1 3 ) 

19.6, 47.9, 127.0, 127.8, 128.5, 128.8, 129.0, 132.3, 
136.5, 141.6, 200.3 ppm 
[Example A-23] 

Synthesis of di-tert-butylphenyl malonate from chlorobenzene 
2 0 and di-tert-butyl malonate 

(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.013 g (0.06 mmol) of 



palladium (II) acetate, 0.317 g (3.3 mmol) of 
sodium-tert-butoxide and 9 ml of dioxane were weighed in the 
flask, followed by stirring. Further, 0.031 g (0.06 mmol) of 
tri-tert-butylphosphonium tetraphenylborate obtained in 
Example A-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 25°C for 
30 minutes. 0.338 g (3 mmol) of chlorobenzene was added, 
followedby stirring at 25°C for 30 minutes. 0.714 g (3.3 mmol) 
of di-tert-butyl malonate was added, followed by stirring at 
100°C for 12 hours. After the completion of the reaction, 9 
ml of tetrahydrof uran and 9 ml of water were added, followed 
by separation. The organic phase was purified by column 
chromatography to afford 0.745 g of di-tert-butylphenyl 
malonate (yield: 85 mol% based on chlorobenzene) . The 
identification of the product was made by 1 H-NMR and 13 C-NMR. 

(1) 1 H-NMR spectrum (5 in CDC1 3 ) 

1.47 ppm (s, 18H, H 3 C) . 
4.44 ppm (s, 1H, HC) 
7.33-7.40 ppm (m, 5H, Ph) 

(2) 13 C-NMR spectrum (5 in CDC1 3 ) 

27.9, 60.1, 81.9, 127.8, 128.4, 129.3, 133.5, 167.4 ppm 

[Example A-24] 

Synthesis of ethyl-2-phenylcyanoacetate from chlorobenzene 
and ethyl cyanoacetate 
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(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.022 g (0.1 irunol) of 
5 palladium (II) acetate, 2.459 g (15 mmol) of sodium phosphate 
and 15 ml of toluene were weighed in the flask, followed by 
stirring. Further, 0.105 g (0.2 mmol) of 

tri-tert-butylphosphonium tetraphenylborate obtained in 
Example A-l was weighed in air and added into the flask. The 

10 flask was purged with argon, followed by stirring at 25°C for 
30 minutes. 0.563 g (5 mmol) of chlorobenzene was added, 
followed by stirring at 25°C for 30 minutes . 0 . 622 g (5.5 mmol ) 
of ethyl cyanoacetate was added, followed by stirring at 100°C 
for 12 hours. After the completion of the reaction, 5 ml of 

15 water was added, followed by separation. The organic phase 
was purified by column chromatography to afford 0.501 g of 
ethyl-2-phenylcyanoacetate (yield: 53 mol% based on 
chlorobenzene) . The identification of the product was made 
by mass spectroscopy, 1 H-NMR and 13 C-NMR. 

20 (1) Mass spectrum [EI mode] M/Z 189 (M + ) 
(2) 1 H-NMR spectrum (6 in CDC1 3 ) 

1.29 ppm (t, J=7.2 Hz, 3H, H 3 C) 
4.21-4.29 ppm (m, 2H, H 2 C) 
4.73 ppm (s, 1H, HC) 
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7.42-7.49 ppm (m, 5H, Ph) 
(3) 13 C-NMR spectrum (5 in CDCI3) 

13.9, 43.7, 63.3, 115.7, 127.9, 129.2, 129.3, 130.0, 

165.0 ppm 
[Example A-25] 

Synthesis of triphenylamine from chlorobenzene and 
diphenylamine 

(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 100-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 5.403 g (48 mmol) of 
chlorobenzene, 6.769 g (40 mmol) of diphenylamine, 4.613 g (48 



mmo 



1) of sodium-tert-butoxide, 0.002 g (0.01 mmol) of 



palladium (II) acetate and 5 ml of xylene were weighed in the 
flask, followed by stirring. Further, 0.021 g (0.04 mmol) of 
tri-tert-butylphosphonium tetraphenylborate obtained in 
Example A-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 100-120°C 
for 10 hours. After the completion of the reaction, 45 ml of 
xylene and 50 ml of saturated sodium chloride solution were 
added, followed by separation. The organic phase was purified 
by column chromatography to afford 9.008 g of triphenylamine 
(yield: 92 mol% based on diphenylamine) . The melting point 
was 125-126°C. 
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[Example A-26] 

Synthesis of tert-butyl-2-methylphenyl ether from 
2-chlorotoluene and sodium- tert-but oxide 
(Synthesis in which tri-tert-butylphosphonium 
5 tetraphenylborate was handled in air) 

A 100-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 6.330 g (50 mmol) of 
2-chlorotoluene, 5.7 66 g (60 mmol) of sodium-tert-butoxide, 
0.112 g (0.5 mmol ) of palladium ( II ) acetate and 50 ml of xylene 

10 were weighed in the flask, followed by stirring. Further, 
0.784 g (1.5 mmol) of tri-tert-butylphosphonium 
tetraphenylborate obtained in Example A-l was weighed in air 
and added into the flask. The flask was purged with argon, 
followed by stirring at 125°C for 3 hours. After the 

15 completion of the reaction, 10 ml of water was added, followed 
by separation. The organic phase was purified by distillation 
to afford 7.695 g of tert-butyl-2-methylphenyl ether (yield: 
94 mol% based on 2-chlorotoluene) . The boiling point was 
75°C/9 Torr. 

20 [Example A-27] 

Synthesis of 2-methoxy-4 , 2 9 -dimethylphenyl ether from 



2-chlorotoluene and 2-methoxy-4-methylphenol 
(Synthesis in which tri-tert-butylphosphonium 
tetraphenylborate was handled in air) 
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A 200-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 1.920 g (48 mmol) of 
60 wt% sodium hydride and 50 ml of toluene were weighed in the 
flask. The flask was purged with argon, followed by stirring. 
5 6.632 g (48 mmol) of 2-methoxy-4-methylphenol was added, 

followed by stirring at 25°C for 30 minutes. Further, 5.064 
g (40 mmol) of 2-chlorotoluene and 0. 449 g (2 mmol) of palladium 
(II) acetate were added, followed by stirring . Further, 1.045 
g (2 mmol) of tri-tert-butylphosphonium tetraphenylborate 

10 obtained in Example A-l was weighed in air and added into the 
flask, followed by stirring at 104°C for 9 hours. After the 
completion of the reaction, 50 ml of saturated sodium chloride 
solution was added, followed by separation. The organic phase 
was purified by column chromatography to afford 6.803 g of 

15 2-methoxy-4, 2' -dimethylphenyl ether (yield: 75 mol% based on 
2-chlorotoluene) . The identification of the product was made 
by mass spectroscopy, 1 H~NMR and 13 C-NMR. 

(1) Mass spectrum [EI mode] M/Z 228 (M + ) 

(2) 1 H-NMR spectrum (5 in CDC1 3 ) 
2 0 2.32 ppm (s, 3H, H 3 C) 

2.34 ppm (s, 3H, H 3 C) 

3.84 ppm (s, 3H, H 3 C0) 

6.68-6.81 ppm (m, 4H, ring proton) 

6.95-7.22 ppm (m, 3H, ring proton) 
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(3) 1J C-NMR spectrum (5 in CDC1 3 ) 

16.2, 21.2, 56.0, 113.7, 117.1, 117.2, 119.3, 121.3, 

122.8, 126.8, 131.1, 133.7, 143.8, 150.5, 155.8 ppm 

[Example B-l] 
5 Production of di-tert-butylmethylphosphonium 

tetraphenylborate 

A 30-ml four-necked flask sufficiently purged with argon 

was equipped with a stirrer, a thermometer and a reflux 

condenser. 6.4 g (40 mmol) of di-tert-butylmethylphosphine 
10 and 6.4 ml of heptane were weighed in the flask, followed by 

stirring to dissolve di-tert-butylmethylphosphine . While 

the stirring was continuously carried out, 8 . 0 ml (40 mmol) 

of 5N hydrochloric acid- was added to the solution, and the 

mixture was stirred at 25°C for 1 hour. Thereafter, the 
15 organic phase was analyzed by gas chromatography, which 

confirmed the disappearance of di-tert-butylmethylphosphine. 

After the completion of the reaction, the liquid was separated. 

The aqueous phase was washed with 6.4 ml of heptane. The 

aqueous phase was assumed to contain 
2 0 di-tert-butylmethylphosphine hydrochloride dissolved 

therein. 

[0144] 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 15.1 g (44 mmol) of 
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sodium tetraphenylborate and 60 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 
tetraphenylborate. While the stirring was continuously 
carried out, the aqueous solution of 
5 di-tert-butylmethylphosphine hydrochloride previously 

obtained was added to the solution, and the mixture was stirred 
at 25°C for 3 hours. After the completion of the reaction, 
the precipitated product was filtered off. The so obtained 
crystal was suspended in 100 ml of toluene at 50°C, and the 

10 suspension was cooled to 25°C and filtered. The product 

filtered off was washed with 100 ml of toluene. The crystal 
was then suspended in 100 ml of methanol at 50 °C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of methanol. The crystal 

15 obtained was dried to give 17.1 g of objective 

di-tert-butylmethylphosphonium tetraphenylborate as white 
crystal. The yield (mol%) was 89% based on 
di-tert-butylmethylphosphine . 
[0145] 

20 The crystal was analyzed by the methods indicated below 

and was identified to be di-tert-butylmethylphosphonium 
tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 192-196°C (decomposition temperature) 
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(2) IR spectrum (KBr) 2359 cm~ x 

(3) 1 H-NMR spectrum (5 in DMS0-d6) 

1.33 ppm (d, 18H, J=16.7 Hz, H 3 C-C-P) 
1.83 ppm (d, 3H, J=13.6 Hz, H 3 C-P) 
5.27-7.18 ppm (brd, 1H, H-P) 
6.80 ppm (t, 4H, J=7.15 Hz, Ph-B) 
6.93 ppm (t, 8H, J=7.34 Hz, Ph-B) 
7.20 ppm (brs, 8H, Ph-B) 

(4) 13 C-NMR spectrum (5 in DMSO-d6) 

-3.2 ppm (d, J=43.5 Hz, H 3 C-P) 

2 6.0 ppm (s, H 3 C-C-P) 

30.8 ppm (d, J=37.9 Hz, H 3 C~C-P) 

121.4 ppm (s, Ph-B) 

125.2 ppm (dd, J=2 . 5 Hz, 5.6 Hz, Ph-B) 

135.5 ppm (d, J=1.9 Hz, Ph-B) 

163.3 ppm (dd, J=49.4 Hz, 98.5 Hz, Ph quaternary-B) 
[Example B-2] 

Production of di-tert-butylmethylphosphonium 
tetra-para-tolylborate 

A 30-ml four-necked flask sufficiently purged with argon 
was equipped with a stirrer, a thermometer and a reflux 
condenser. 6.4 g (40 mmol) of di-tert-butylmethylphosphine 
and 6.4 ml of heptane were weighed in the flask, followed by 
stirring to dissolve di-tert-butylmethylphosphine. While 
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the stirring was continuously carried out, 11.0 ml (22 mmol) 
of 4N sulfuric acid was added to the solution, and the mixture 
was stirred at 25°C for 1 hour. Thereafter, the organic phase 
was analyzed by gas chromatography, which confirmed the 
5 disappearance of di-tert-butylmethylphosphine. After the 
completion of the reaction, the liquid was separated. The 
aqueous phase was washed with 6.4 ml of heptane. The aqueous 
phase was assumed to contain di-tert-butylmethylphosphine 
sulfate dissolved therein. 
10 [0146] 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 19.1 g (48 mmol) of 
sodium tetra-para-tolylborate, 100 ml of tetrahydrof uran and 
100 ml of toluene were weighed in the flask, followed by 

15 stirring to dissolve sodium tetra-para-tolylborate. While 
the stirring was continuously carried out, the aqueous 
solution of di-tert-butylmethylphosphine sulfate previously 
obtained was added to the solution, and the mixture was stirred 
at 25°C for 3 hours. After the completion of the reaction, 

20 the precipitated product was filtered off and washed with 200 
ml of toluene. The so obtained crystal was suspended in 200 
ml of water at 50°C, and the suspension was cooled to 25°C and 
filtered. The product filtered off was washed with 200 ml of 
water. The crystal was then suspended in 200 ml of methanol 



at 50°C, and the suspension was cooled to 25°C and filtered. 
The product filtered off was washed with 200 ml of methanol. 
The crystal obtained was dried to give 17.2 g of objective 
di-tert-butylmethylphosphonium tetra-para-tolylborate as 
white crystal- The yield (mol%) was 80% based on 
di-tert-butylmethylphosphine . 
[0147] 

The crystal was analyzed by the methods indicated below 
and was identified to be di-tert-butylmethylphosphonium 
tetra-para-tolylborate. The analytical values and 
properties were as follows. 

(1) Melting point: 157-166°C (decomposition temperature) 

(2) IR spectrum (KBr) 2359 cm" 1 

(3) 1 H-NMR spectrum (5 in DMSO-d6) 

1.32 ppm (d, 18H, J=16.5 Hz, H 3 C-C-P) 
1.81 ppm (d, 3H, J=13.6 Hz, H 3 C-P) 
2.15 ppm (s, 12H, H 3 C-C 6 H 4 -B) 
5.18-7.08 ppm (brd, 1H, H-P) 
6.72 ppm (t, 8H, J=7.70 Hz, H 3 C-C 6 H 4 -B) 
7.05 ppm (brs, 8H, H 3 C-C 6 H 4 -B) 

(4) 13 C-NMR spectrum (5 in DMSO-d6) 

3.2 ppm (d, J=45.4 Hz, H 3 C-P) 
2 0.8 ppm (s, H 3 C-C 6 H 4 -B) 
2 6.1 ppm (s, H3C-C-P) 
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30.8 ppm (d, J=37.9 Hz, H 3 C-C-P) 
126.0.ppm (dd, J=2 . 5 Hz, 5.6 Hz, H 3 C-C 6 H 4 -B) 
129.0 ppm (s, H 3 C-C 6 H 4 quaternary-B) 
135.5 ppm (d, J=1.2 Hz, H 3 C-C 6 H 4 -B) 
5 160.2 ppm (dd, J=49.7Hz, 98.8 Hz, H 3 C-C 6 H 4 quaternary-B) 

[Example B-3] 

Production of. tri-tert-butylphosphonium 
tetra-para-tolylborate 

The procedures in Example B-2 were repeated except that 

10 6.4 g (40 mmol) of di-tert-butylmethylphosphine was replaced 
with 8.1 g (40 mmol) of tri- tert-butylphosphine . Consequently, 
19.0 g of objective tri-tert-butylphosphonium 
tetra-para-tolylborate was obtained as white crystal. The 
yield (mol%) was 82% based on tri-tert-butylphosphine . 

15 [0148] 

The crystal was analyzed by the methods indicated below 
and was identified to be tri-tert-butylphosphonium 
tetra-para-tolylborate. The analytical values and 
properties were as follows. 
20 (1) Melting point: 179-201°C (decomposition temperature) 

(2) IR spectrum (KBr) 2359 cm" 1 

(3) X H-NMR spectrum (5 in DMS0-d6) 

1.49 ppm (d, 27H, J=15.2 Hz, H 3 OC-P) 
2.15 ppm (s, 12H, H 3 C-C 6 H 4 -B) 
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5.23-7.07 ppm (brd, 1H, H-P) 

6.72 ppm (t, 8H, J=7.70 Hz, H 3 OC 6 HU-B) 

7.05 ppm (brs, 8H, H 3 C-C 6 H 4 -B) 
(4) 13 C-NMR spectrum (5 in DMSO-d6) 
5 2 0.8 ppm (s, H 3 C-C 6 H 4 -B) 

29.3 ppm (s, H 3 C-C-P) 

3 6.3 ppm (d, J=2 8.6 Hz, H 3 C-C-P) 

125.9 ppm (dd, J=2 . 5 Hz, 5.6 Hz, H 3 C-C 6 H 4 -B) 

12 9.0 ppm (s, H 3 C-C 6 H 4 quaternary-B) 
10 .135.5 ppm (s, H 3 C-C 6 H 4 -B) 

160.2 ppm (dd, J=49.7 Hz, 99.4 Hz, H 3 C-C 6 H 4 quaternary-B) 
[Example B-4] 

Production of di-tert-butylethylphosphonium 
tetraphenylborate 
15 The procedures in Example B-l were repeated except that 

6.4 g (40 mmol) of di- tert-butylmethylphosphine was replaced 
with 7.0 g (40 mmol) of di-tert-butylethylphosphine . 
Consequently, 15.8 g of objective 

di-tert-butylethylphosphonium tetraphenylborate was obtained 
20 as white crystal. The yield (mol%) was 80% based on 
di-tert-butylethylphosphine . 
[0149] 

The crystal was analyzed by the methods indicated below 
and was identified to be di-tert-butylethylphosphonium 
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tetraphenylborate . The analytical values and properties were 
as follows. 

(1) Melting point: 174-188°C (decomposition temperature) 

(2) IR spectrum (KBr) 2359 cm" 1 

5 (3) 1 H-NMR spectrum (5 in DMS0-d6) 

1.30 ppm (dt, 3H, J=18.7, 7.70 Hz, H 3 C-CH 2 -P) 
1.38 ppm (d, 18H, J=16.1 Hz, H 3 C-C-P) 
2.33-2.39 ppm (m, 2H, H 3 C-CH 2 -P) 

5.92 ppm (brd, 1H, J=466.6 Hz, H-P) 
10 6.79 ppm (t, 4H, J=7.15 Hz, Ph-B) 

6.93 ppm (t, 8H, J=7.34 Hz, Ph-B) 
7.19 ppm (brs, 8H, Ph-B) 

(4) 13 C-NMR spectrum (5 in DMS0-d6) 

7.0 ppm (d, J=41.0 Hz, H 3 C-CH 2 -P) 
15 11.0 ppm (d, J=6.2 Hz, H 3 C-CH 2 -P) 

2 6.3 ppm (s, H 3 C-C-P) 
32.2 ppm (d, J=35.4 Hz, H 3 C-C-P) 
121.5 ppm (s, Ph-B) 

125.2 ppm (dd, J=3.1 Hz, 5.6 Hz, Ph-B) 
20 135.5 ppm (d, J=1.2 Hz, Ph-B) 

163.3 ppm (dd, J=49.5 Hz, 98.5 Hz, Ph quaternary-B) 
[Example B-5] 

Production of n-butyl-di-tert-butylphosphonium 
tetraphenylborate 
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The procedures in Example B-l were repeated except that 
6.4 g (40 mmol) of di-tert-butylmethylphosphine was replaced 
with 8.1 g (40 initio 1) of n-butyl-di-tert-butylphosphine . 
Consequently, 15.9 g of objective 
5 n-butyl-di-tert-butylphosphonium tetraphenylborate was 

obtained as white crystal. The yield (mol%) was 76% based on 
n-butyl-di-tert-butylphosphine . 

* • 

[0150] 

The crystal was analyzed by the methods indicated below 
10 and was identified to be n-butyl-di-tert-butylphosphonium 
tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 156-162°C (decomposition temperature) 

(2) IR spectrum (KBr) 2359 cm" 1 

15 (3) 1 H-NMR spectrum (5 in DMSO-d6) 

0.93 ppm (t, 3H, J=7.34 Hz, H 3 C-CH 2 -CH 2 -CH 2 -P) 

1.40 ppm (d, 18H, J=16.1 Hz, H 3 C-C-P) 

1.43-1.51 ppm (m, 2H, H 3 C-CH 2 -CH 2 --CH 2 -P) 

1.59-1.61 ppm (m, 2H, H 3 C-CH 2 -CH 2 -CH 2 -P) 
20 2.28-2.38 ppm (m, 2H, H 3 C-CH 2 -CH 2 -CH 2 -P) 

5.21-7.18 ppm (brd, 1H, H-P) 

6.79 ppm (t, 4H, J=7.15 Hz, Ph-B) 

6.92 ppm (t, 8H, J=7.34 Hz, Ph-B) 

7.18 ppm (brs, 8H, Ph-B) 
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(4) 13 C-NMR spectrum (6 in DMSd-d6) 

12.8 ppm (d, J=40.4 Hz, H 3 C-CH 2 -CH 2 -CH 2 -P) 
13.2 ppm (s, H3C-CH2-CH2-CH2-P) 

23.0 ppm (d, J=13 . 1 Hz, H 3 C-CH 2 -CH 2 -CH 2 -P) 
5 2 6.3 ppm (s, H3C-C-P) 

28.5 ppm (d, J=5.6 Hz, H 3 C-CH 2 -CH 2 -CH 2 -P) 

32.1 ppm (d, J=35.4 Hz, H3C-C-P) 
121.4 ppm (s, Ph-B) 

125.2 ppm (dd, J=2 . 5 Hz, 5.6 Hz, Ph-B) 
10 135.5 ppm (d, J=1.2 Hz, Ph-B) 

163.4 ppm (dd, J=49.4 Hz, 98.5 Hz, Ph quaternary-B) 
[Example B-6] 

Production of sec-butyl-di-tert-butylphosphonium 
tetraphenylborate 

15 A 100-ml four-necked flask sufficiently purged with 

nitrogen was equipped with a stirrer, a thermometer and a reflux 
condenser. 7.2 g (40 mmol) of di-tert-butylphosphinas 
chloride, 0.040 g (0.40 mmol) of copper (1) chloride and 7.2 
ml of tetrahydrof uran were weighed in the flask. A 

20 sec-butylmagnesium chloride solution was added dropwise to the 
flask at an internal temperature of 10-20°C over a period of 
1 hour, wherein the solution had been previously prepared from 
4.8 g (52 mmol) of sec-butyl chloride and 1.3 g (52 mmol) of 
metallic magnesium in 20 g of tetrahydrofuran . The mixture 
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was stirred at 20-30°C for 2 hours. Gas chromatography 
analysis confirmed the disappearance of 

di-tert-butylphosphinas chloride. After the completion of 
the reaction, 26 ml of toluene was added, and 11.8 g (6 mmol) 
of 5% sulfuric acid was added dropwise to dissolve the magnesium 
salt, followed by separation. The organic phase was washed 
with 11.8 ml of water. 
[0151] 

A 100-ml four-necked flask sufficiently purged with 
argon was equipped with a stirrer, a thermometer and a reflux 
condenser. The solution of sec-butyl-di- tert-butylphosphine 
prepared above was weighed in the flask, to which 8.0 ml (40 
mmol) of 5N hydrochloric acid was added, followed by stirring 
at 25°C for 1 hour. The organic phase was analyzed by gas 
chromatography, which confirmed the disappearance of 
sec-butyl-di-tert-butylphosphine . After the completion of 
the reaction, the liquid was separated and the aqueous phase 
was washed with 8.0 ml of heptane. The aqueous phase was 
assumed to contain sec-butyl-di-tert-butylphosphine 
hydrochloride dissolved therein. 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 15.1 g (44 mmol) of 
sodium tetraphenylborate and 60 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 
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tetraphenylborate . While the stirring was continuously 
carried out, the aqueous solution of 

sec-butyl-di-tert-butylphosphine hydrochloride previously 
obtained was added to the solution, and the mixture was stirred 

.5 at 25°C for 3 hours. After the completion of the reaction, 
the precipitated product was filtered off. The so obtained 
crystal was suspended in 100 ml of toluene at 50°C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of toluene. The crystal 

10 was then suspended in 100 ml of methanol at 50°C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of methanol. The crystal 
obtained was dried to give 15.7 g of objective 
sec-butyl -di-tert-butylphosphonium tetraphenylborate as 

15 white crystal. The yield (mol%) was 75% based on 
di-tert-butylphosphinas chloride. 
[0152] 

The crystal was analyzed by the methods indicated below 
and was identified to be sec-butyl-di-tert-butylphosphonium 
20 tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 184-187°C (decomposition temperature) 

(2) IR spectrum (KBr) 2359 cm' 1 

(3) 1 H-NMR spectrum (5 in DMS0-d6) 
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1.03 ppm (t, 3H, J=7.34 Hz, H 3 C-CH 2 -CH-P) 
1.38-1.44 ppm (m, 3H, H 3 C-CH-P) 
1.41 ppm (d, 9H, J=16.0 Hz, H 3 C-C-P) 
1.45 ppm (d, 9H, J=15.8 Hz, H 3 C-C-P) 
1.64-1.78 ppm (m, 1H, H 3 C-CH 2 -CH-P) 
1.81-1.93 ppm (m, 1H, H 3 C-CH 2 -CH-P ) 
2.7 3-2.7 6 ppm (m, 1H, H 3 C-CH 2 -CH-P) 
5.22-7.19 ppm (brd, 1H, H-P) 
6.79 ppm (t, 4H, J=7 . 14 Hz, Ph-B) 
6.93 ppm (t, 8H, J=7.34 Hz, Ph-B) 
7.19 ppm (brs, 8H, Ph-B) 
C-NMR spectrum (5 in DMSO-d6) 

12.3 ppm (d, J=11.2 Hz, H 3 C-CH-P) 
15.2 ppm (d, J=2.5 Hz, H 3 C-CH 2 -CH-P) 
2 6.5 ppm (s, H 3 C-CH 2 -CH-P) 

27.1 ppm (d, J=34.9 Hz, H 3 C-CH 2 -CH-P) 

27.4 ppm (s, H 3 C-C™P) 
27.8 ppm (s, H 3 C-C-P) 

33.8 ppm (d, J=32.3 Hz, H 3 C-C-P) 

34.2 ppm (d, J=31.1 Hz, H 3 C-C-P) 
121.5 ppm (s, Ph-B) 

125.2 ppm (dd, J=3 . 1 Hz, 5.6 Hz, Ph-B) 
135.5 ppm (d, J=1.2 Hz, Ph-B) 

163.3 ppm (dd, J=49.4 Hz, 98.5 Hz, Ph quaternary-B) 
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[Example B-7] 

Production of cyclohexyl-di-tert-butylphosphonium 
tetraphenylborate 

A 100-ml four-necked flask sufficiently purged with 
5 nitrogen was equipped with a stirrer, a thermometer and a reflux 
condenser. 7.2 g (40 mmol) of di-tert-butylphosphinas 
chloride, 0.040 g (0.40 mmol) of copper (I) chloride and 7.2 
ml of tetrahydrof uran were weighed in the flask. A 
cyclohexylmagnesium chloride solution was added dropwise to 

10 the flask at an internal temperature of 10-20°C over a period 
of 1 hour, wherein the solution had been previously prepared 
from 6.2 g (52 mmol) of cyclohexyl chloride and 1.3 g (52 mmol) 
of metallic magnesium in 19 g of tetrahydrof uran . The mixture 
was stirred at 20-30°C for 2 hours. Gas chromatography 

15 analysis confirmed the disappearance of 

di-tert-butylphosphinas chloride. After the completion of 
the reaction, 2 6 ml of toluene was added, and 11.8 g (6 mmol) 
of 5% sulfuric acid was added dropwise to dissolve the magnesium 
salt, followed by separation. The organic phase was washed 

20 with 11.8 ml of water. 

\ 

[0153] 5 

A 100-ml four-necked flask sufficiently purged with 
argon was equipped with a stirrer, a thermometer and a reflux 
condenser. The solution of 
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cyclohexyl-di-tert-butylphosphine prepared above was weighed 
in the flask, to which 8 . 8 ml (44 mmol ) of 5N hydrochloric acid 
was added, followed by stirring at 25°C for 1 hour. The organic 
phase was analyzed by gas chromatography, which confirmed the 
5 disappearance of cyclohexyl-di-tert-butylphosphine . After 
the completion of the reaction, the liquid was separated and 
the aqueous phase was washed with 8.8 ml of heptane. The 
aqueous phase was assumed to contain 

cyclohexyl-di-tert-butylphosphine hydrochloride dissolved 
10 therein. 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser, 16.4 g (48 mmol) of 
sodium tetraphenylborate and 66 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 
15 tetraphenylborate. While the stirring was continuously 
carried out, the aqueous solution of 

cyclohexyl-di-tert-butylphosphine hydrochloride previously 
obtained was added to the solution, and the mixture was stirred 
at 25°C for 3 hours. After the completion of the reaction, 
20 the precipitated product was filtered off. The so obtained 
crystal was suspended in 100 ml of toluene at 50°C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of toluene. The crystal 
was then suspended in 100 ml of methanol at 50 °C, and the 
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suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of methanol. The crystal 
obtained was dried to give 15.8 g of objective 
cyclohexyl-di-tert-butylphosphonium tetraphenylborate as 
5 white crystal. The yield (mol%) was 72% based on 
di-tert-butylphosphinas chloride . 
[0154] 

■ • 

The crystal was analyzed by the methods indicated below 
and was identified to be cyclohexyl-di-tert-butylphosphonium 
10 tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 171-178°C (decomposition temperature) 

(2) IR spectrum (KBr) 2390 cm" 1 

(3) X H-NMR spectrum (5 in DMSO-d6) 

15 1.16-1.35 ppm (m, 3H, cyclohexyl secondary) 



1.38 ppm (d, 18H, J=15.8 Hz, H 3 C-C-P) 



1.62-1.75 ppm (m, 5H, cyclohexyl secondary) 



1.83-2.03 ppm (m, 2H, cyclohexyl secondary) 



2.60-2.72 ppm (m, 1H, cyclohexyl tertiary) 



20 



5.75 ppm (brd, 1H, J=462.3 Hz, H-P) 



6.80 ppm (t, 4H, J=7.15 Hz, Ph-B) 



6.94 ppm (t, 8H, J=7.34 Hz, Ph-B) 



7.22 ppm (brs, 8H, Ph-B) 



(4) 



13 



C-NMR spectrum (5 in DMSO-d6) 
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24.7 ppm (d, J=1.2 Hz, cyclohexyl secondary) 
26.2 ppm (d, J=11.8 Hz, cyclohexyl secondary) 
27.6 ppm (s, H 3 C-C-P) 

28.9 ppm (d, J=3.7 Hz, cyclohexyl secondary) 
5 30.8 ppm (d, J=34.2 Hz, cyclohexyl tertiary) 

34.0 ppm (d, J=31.7 Hz, H3C-C-P) 

121.5 ppm (s, Ph-B) 

125.3 ppm (dd, J=2 . 5 Hz, 5.6 Hz, Ph-B) 

135.6 ppm (d, J=1.2 Hz, Ph-B) 

10 163.4 ppm (dd, J=49.4 Hz, 98.5 Hz, Ph quaternary-B) 

[Example B-8] 

Production of di-tert-butyl-n-octylphosphonium 
tetraphenylborate 

A 100-ml four-necked flask sufficiently purged with 

15 nitrogen was equipped with a stirrer, a thermometer and a reflux 
condenser. 7.2 g (40 mmol) of di-tert-butylphosphinas 
chloride, 0.040 g (0.40 mmol) of copper (I) chloride and 7.2 
ml of tetrahydrof uran were weighed in the flask. A 
n-octylmagnesium chloride solution was added dropwise to the 

20 flask at an internal temperature of 10-20°C over a period of 
1 hour, wherein the solution had been previously prepared from 
7.7 g (52 mmol) of n-octyl chloride and 1.3 g (52 mmol) of 
metallic magnesium in 17 g of tetrahydrof uran . The mixture 
was stirred at 20-30°C for 2 hours. Gas chromatography 
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analysis confirmed the disappearance of 

di-tert-butylphosphinas chloride. After the completion of 
the reaction, 26 ml of toluene was added, and 11.8 g (6 mmol) 
of 5% sulfuric acid was added dropwise to dissolve the magnesium 

» 

salt, followed by separation. The organic phase was washed 
with 11.8 ml of water. 
[0155] 

A 100-ml four-necked flask sufficiently purged with 
argon was equipped with a stirrer, a thermometer and a reflux 
condenser. The solution of di-tert-butyl-n-octylphosphine 
prepared above was weighed in the flask, to which 8 . 8 ml (44 
mmol) of 5N hydrochloric acid was added, followed by stirring 
at 25°C for 1 hour. The organic phase was analyzed by gas 
chromatography, which confirmed the disappearance of 
di-tert-butyl-n-octylphosphine. After the completion of the 
reaction, the liquid was separated and the aqueous phase was 
washed with 8.8 ml of heptane. The aqueous phase was assumed 
to contain di-tert-butyl-n-octylphosphine hydrochloride 
dissolved therein. 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 16.4 g (4 8 mmol) of 
sodium tetraphenylborate and 66 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 
tetraphenylborate. While the stirring was continuously 
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carried out, the aqueous solution of 

di-tert-butyl-n-octylphosphine hydrochloride previously 
obtained was added to the solution, and the mixture was stirred 
at 25°C for 3 hours . After the completion of the reaction, 
the precipitated product was filtered off- The so obtained 
crystal was suspended in 100 ml of toluene at 50°C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of toluene. The crystal 
was then suspended in 100 ml of methanol at 50 °C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of methanol. The crystal 
obtained was dried to give 17.4 g of objective 
di-tert-butyl-n-octylphosphonium tetraphenylborate as white 
crystal. The yield (mol%) was 75% based on 
di-tert-butylphosphinas chloride . 
[0156] 

The crystal was analyzed by the methods indicated below 
and was identified to be di-tert-butyl-n-octylphosphonium 
tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 108-113°C (decomposition temperature) 

(2) IR spectrum (KBr) 2359 cm" 1 

(3) X H-NMR spectrum (5 in DMS0-d6) 

0.86 ppm (t, 3H, J=5.87 Hz, H 3 C- (CH) 5 -CH 2 -CH 2 -P) 



SF-1113 



159 



1.27 ppm (brs, 10H, H 3 C- (CH 2 l5-CH 2 -CH 2 -P) 
1.39 ppm (d, 18H, J=16.1 Hz, H 3 C-C-P) 
1.60-1.71 ppm (m, 2H, H 3 C- (CH 2 ) 5 -CH 2 -CH 2 -P) 
2.25-2.35 ppm (m, 2H, H 3 C- (CH 2 ) 5 -CH 2 -CH 2 -P) 
5 5.20-7.19 ppm (brd, 1H, H-P) 

6.7 9 ppm (t, 4H, J=7.15 Hz, Ph-B) 
6.92 ppm (t, 8H, J=7.25 Hz, Ph-B) 

J 

7.19 ppm (brs, 8H, Ph-B) 
(4) 13 C-NMR spectrum (5 in DMSO-d6) 



10 
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6 -CH 2 -P) 
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(CH 2 ) 3 -P) 
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H 3 C- (CH 2 ) 4- 
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H 3 C- (CH 2 ) 


5 -CH 2 -CH 2 -P) 
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20 


121.4 ppm 
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125.2 ppm 


(dd, J=2.5 Hz 


, 5.6 Hz, 


Ph-B) 




135.5 ppm 


(d, 


J=1.2 Hz, 


Ph-B) 





163.3 ppm (dd, J=49.0 Hz, 98.5 Hz, Ph quaternary-B) 
[Example B-9] 
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Production of di-tert-butylphenylphosphonium 
tetraphenylborate 

The procedures in Example B-l were repeated except that 
6.4 g (40 mmol) of di-tert-butylmethylphosphine was replaced 
5 with 8.9 g (40 mmol) of di-tert-butylphenylphosphine . 
Consequently, 17.8 g of objective 

di-tert-butylphenylphosphonium tetraphenylborate was 
obtained as white crystal. The yield (mol%) was 82% based on 
di-tert-butylphenylphosphine . 
10 [0157] 

The crystal was analyzed by the methods indicated below 
and was identified to be di-tert-butylphenylphosphonium 
tetraphenylborate. The analytical values and properties were 
as follows. 

15 (1) Melting point: 135-140°C (decomposition temperature) 

(2) IR spectrum (KBr) 2359 cm" 1 

(3) 1 H-NMR spectrum (5 in DMSO-d6) 

1.40 ppm (d, 18H, J=16.7 Hz, H 3 C-C-P) 
6.76-7.95 ppm (brd, 1H, H-P) 
20 6.79 ppm (t, 4H, J=7.15 Hz, Ph-B) 

6.92 ppm (t, 8H, J=7 . 54 Hz, Ph-B) 
7.19 ppm (brs, 8H, Ph-B) 
7.70 ppm (t, 2H, J=7.70 Hz, Ph-P) 
7.83 ppm (t, 1H, J=7.89 Hz, Ph-P) 
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7.92 ppm (t, 2H, J=7.89 Hz, Ph-P) 



(4) 13 ONMR spectrum (5 in DMS0-d6) 



10 



27.0 ppm (s, H3C-C-P) 

33.3 ppm (d, J=31.7 Hz, H3C-C-P) 



121.5 ppm 

125.3 ppm 

12 6.6 ppm 

128.3 ppm 

130.0 ppm 

133.3 ppm 
135.5 ppm 

163.4 ppm 



s, Ph-B) 



dd, J=3.1 Hz, 5.6 Hz, Ph-B) 



s, Ph-P) 



s, Ph quaternary-P) 



d, J=11.2 Hz, Ph-P) 



s, Ph-P) 



d, J=1.2 Hz, Ph-B) 

dd, J=49.4 Hz, 98.5 Hz, Ph quaternary-B) 



[Example B-10] 

Production of 2-biphenylyl-di-tert-butylphosphonium 
15 tetraphenylborate 

A 50-ml four-necked flask sufficiently purged with argon 
was equipped with a stirrer, a thermometer and a reflux 
condenser. 11.9 g (40 mmol) of 

2-biphenylyl-di-tert-butylphosphine and 11.9 ml of heptane 
20 were weighed in the flask, followed by stirring to dissolve 
2-biphenylyl-di-tert-butylphosphine . While the stirring was 
continuously carried out, 12.0 ml (60 mmol) of 5N hydrochloric 
acid was added, followed by stirring at 25°C for 1 hour. The 



organic phase was analyzed by gas chromatography, which 
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confirmed the disappearance of 

2-biphenylyl-di-tert-butylphosphine . After the completion 
of the reaction, the liquid was separated and the aqueous phase 
was washed with 11.9 ml of heptane. The aqueous phase was 
5 assumed to contain 2-biphenylyl-di-tert-butylphosphine 
hydrochloride dissolved therein. 
[0158] 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 22.6 g (66 mmol) of 

10 sodium tetraphenylborate and 90 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 
tetraphenylborate. While the stirring was continuously 
carried out, the aqueous solution of 
2-biphenylyl-di-tert-butylphosphine hydrochloride 

15 previously obtained was added to the solution, and the mixture 
was stirred at 25°C for 3 hours. After the completion of the 
reaction, the precipitated product was filtered off. The so 
obtained crystal was suspended in 100 ml of toluene at 50°C, 
and the suspension was cooled to 25°C and filtered. The 

20 product filtered off was washed with 100 ml of toluene. The 
crystal was then suspended in 100 ml of methanol at 50°C, and 
the suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of methanol. The crystal 
obtained was dried to give 19.3 g of objective 
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2-biphenyl yl~di-tert-butylphosphonium tetraphenylborate as 
white crystal. The yield (mol%) was 78% based on 
2-biphenylyl-di-tert-butylphosphine . 
[0159] 

5 The crystal was analyzed by the methods indicated below 

and was identified to be 

2-biphenylyl-di-tert-butylphosphonium tetraphenylborate . 
The analytical values and properties were as follows. 
(1) Melting point: 163-174°C (decomposition temperature) 
10 (2) IR spectrum (KBr) 2359 cm" 1 

(3) 1 H-NMR spectrum (5 in DMSO-d6) 

1.26 ppm (d, 18H, J=17.1 Hz, H 3 C-C-P) 
6.77-7.96 ppm (brd, 1H, H-P) 
6.80 ppm (t, 4H, J=7.06 Hz, Ph-B) 
15 6.94 ppm (t, 8H, J=7.34 Hz, Ph-B) 

7.18-7.21 ppm (m, 2H, 2-biphenyl) 
7.28 ppm (brs, 8H, Ph-B) 
7.45-7.47 ppm (m, 4H, 2-biphenyl) 
7.62 ppm (d, 1H, J=7 . 52 Hz, 2-biphenyl) 
20 7.72 ppm (d, 1H, J=7.61 Hz, 2-biphenyl) 

7.93 ppm (d, 1H, J=8.63 Hz, 2-biphenyl) 

13 



(4) 1J C-NMR spectrum (5 in DMSO-d6) 
27.3 ppm (s, H 3 C-C-P) 
34.2 ppm (d, J=30.5 Hz, H3C-C-P) 
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121 . 
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ppm 
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126. 


5 


ppm 


(s, 


2-biphenyl) 




128. 


2 


ppm 


(s, 


2-biphenyl ) 




128. 


6 


ppm 


(s, 


2-biphenyl ) 




128. 


8 


ppm 


(s, 


2-biphenyl ) 




129. 
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133. 
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134. 
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ppm 
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135. 


6 


ppm 


(s, 


Ph-B) 




138 . 


4 


ppm 


(s, 


2-biphenyl 


quaternary) 


148. 


3 


ppm 


(s, 


2— biphenyl 


quaternary) 


163. 


4 


ppm 


(dd, 


J=49.7 Hz, 


98.8 Hz, Ph quaternary-B) 



15 [Example B-ll] 

Production of di-tert-butyl-1-naphthylphosphoniuni 
tetraphenylborate 

The procedures in Example B-10 were repeated except that 
11.9 g (40 mmol) of 2-biphenylyl-di-tert-butylphosphine was 

20 replaced with 10.9 g (40 mmol) of 

di-tert-butyl-l-naphthylphosphine . Consequently, 19.0 g of 
ob j ective di-tert-butyl-l-naphthylphosphonium 
tetraphenylborate was obtained as white crystal. The yield 
(mol%) was 80% based on di-tert-butyl-l-naphthylphosphine . 
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[0160] 

The crystal was analyzed by the methods indicated below 
and was identified to be di-tert-butyl-l-naphthylphosphonium 
tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 165-174°C (decomposition temperature) 

(2) IR spectrum (KBr) 2359 cm" 1 

(3) 1 H-NMR spectrum (5 in DMS0-d6) 

1.39 ppm (d, 18H, J=16.9 Hz, H 3 C-C-P) 
6.82-8.51 ppm (brd, 1H, H-P) 
6.84 ppm (t, 4H, J=7.06 Hz, Ph-B) 
6.99 ppm (t, 8H, J=7.34 Hz, Ph-B) 
7.35 ppm (brs, 8H, Ph-B) 
7.65-7.82 ppm (m, 3H, 1-naphthyl) 
8.10 ppm (d, 1H, J=8.07 Hz, 1-naphthyl) 
8.13-8.19 ppm (m, 1H, 1-naphthyl) 
8.32 ppm (d, 1H, J=8.25 Hz, 1-naphthyl) 
8.50 ppm (d, 1H, J=8 . 62 Hz, 1-naphthyl) 
(4) 13 C-NMR spectrum (6 in DMSO-d6) 

27.3 ppm (s, H 3 C-C-P) 

34.4 ppm (d, J=29.2 Hz, H3C-C-P) 
121.5 ppm (s, Ph-B) 

124.1 ppm (d, J=9.9 Hz, 1-naphthyl) 
125.1 ppm (s, 1-naphthyl) 



SF-1113 

166 



125. 


3 


ppm 


(dd, 


J=2.5 Hz, 5.6 Hz, Ph-B) 


126. 


5 


ppm 


(s, 


1-naphthyl ) 


127 . 


3 


ppm 


(s, 


1-naphthyl ) 


128. 


2 


ppm 


(s, 


l-naphthyl) 


128. 


9 


ppm 


(s, 


1-naphthyl ) 


129. 


9 


ppm 


(s, 


l-naphthyl ) 


133. 


1 


ppm 


(s, 


1-naphthyl quaternary) 


133. 


3 


ppm 


(d, 


J=7.5 Hz, 1-naphthyl quaternary) 


134 . 


4 


ppm 


(d, 


J=6.7 Hz, 1-naphthyl quaternary) 


135. 


7 


ppm 


(s, 


Ph-B) 


163. 


.5 


ppm 


(dd, 


J=49.4 Hz, 98.5 Hz, Ph quaternary-B) 



[Example B-12] 

Production of benzyl-di-tert-butylphosphonium 
tetraphenylborate 
15 The procedures in Example B-l were repeated except that 

6.4 g (40 mmol) of di-tert-butylmethylphosphine was replaced 
with 9.5 g (40 mmol) of benzyl-di-tert-butylphosphine . 
Consequently, 18.0 g of objective 

benzyl-di-tert-butylphosphonium tetraphenylborate was 
20 obtained as white crystal. The yield (mol%) was 81% based on 
benzyl-di-tert-butylphosphine . 
[0161] 

The crystal was analyzed by the methods indicated below 
and was identified to be benzyl-di-tert-butylphosphonium 
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tetraphenylborate . The analytical values and properties were 
as follows. 

(1) Melting point: 149-158°C (decomposition temperature) 



-l 



(2) IR spectrum (KBr) 2359 cm 



5 (3) 1 H-NMR spectrum (5 in DMS0-d6) 

1.38 ppm (d, 18H, J=15.8 Hz, H 3 C-C-P) 
3.99 ppm (brs, 2H, Ph-CH 2 -P) 
6.76-7.44 ppm (brd, 1H, H-P) 
6.79 ppm (t, 4H, J=7.15 Hz, Ph-B) 



10 



6.92 ppm (t, 8H, J=7.34 Hz, Ph-B) 



7.18 ppm (brs, 8H, Ph-B) 
7.32-7.44 ppm (m, 5H, Ph-CH 2 -P) 



(4) 13 C-NMR spectrum (6 in DMSO-d6) 



20.4 ppm (d, J=40.0 Hz, Ph-CH 2 -P) 



15 



2 6.7 ppm (s, H 3 C-C-P) 



32.9 ppm (d, J=32.3 Hz, H3C-C-P) 



20 



121.5 ppm 

125.2 ppm 

127.6 ppm 
12 9.1 ppm 
12 9.7 ppm 
133.0 ppm 
135.5 ppm 

163.3 ppm 



s, Ph-B) 



dd, J=2.5 Hz, 5.6 Hz, Ph-B) 



s, Ph-CH 2 -P) 

s, Ph-CH 2 -P) 

d, J=6.2 Hz, Ph-CH 2 -P) 

s, Ph quaternary-CH 2 -P) 

d, J=l .2 Hz, Ph-B) 

dd, J=49.4 Hz, 98.5 Hz, Ph quaternary-B) 



SF-1113 

168 

[Example B-13] 

Production of di-tert-butyl ( 4-ethenylbenzyl ) phosphonium 
tetraphenylborate 

A 100-ml four-necked flask sufficiently purged with 
5 nitrogen was equipped with a stirrer, a thermometer and a reflux 
condenser. 7.2 g (40 irariol) of di-tert-butylphosphinas 
chloride, 0.040 g (0.40 mmol) of copper (I) chloride and 7.2 
ml of tetrahydrof uran were weighed in the flask. A 
4-ethenylbenzylmagnesium chloride solution was added dropwise 

10 to the flask at an internal temperature of 10-20°C over a period 
of 1 hour, wherein the solution had been previously prepared 
from 7.9 g (52 mmol) of 4-ethenylbenzyl chloride and 1.3 g (52 
mmol) of metallic magnesium in 17 g of tetrahydrof uran . The 
mixture was stirred at 20-30°C for 2 hours. Gas chromatography 

15 analysis confirmed the disappearance of 

di-tert-butylphosphinas chloride. After the completion of 
the reaction, 26 ml of toluene was added, and 11.8 g (6 mmol) 
of 5% sulfuric acid was added dropwise to dissolve the magnesium 
salt, followed by separation. The organic phase was washed 

20 with 11.8 ml of water. 
[0162] 

A 100-ml four-necked flask sufficiently purged with 
argon was equipped with a stirrer, a thermometer and a reflux 
condenser. The solution of 
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di-tert-butyl (4-ethenylbenzyl) phosphine prepared above was 
weighed in the flask, to which 8.0 ml (40 mmol) of 5N 
hydrochloric acid was added, followed by stirring at 25°C for 
1 hour. The organic phase was analyzed by gas chromatography, 
5 which confirmed the disappearance of 

di-tert-butyl (4-ethenylbenzyl) phosphine . After the 
completion of the reaction, the liquid was separated and the 
aqueous phase was washed with 8.0 ml of heptane. The aqueous 
phase was assumed to contain 
10 di-tert-butyl (4-ethenylbenzyl) phosphine hydrochloride 
dissolved therein. 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 15.1 g (44 mmol) of 
sodium tetraphenylborate and 60 ml of water were weighed in 
15 the flask, followed by stirring to dissolve sodium 

tetraphenylborate. While the stirring was continuously 
carried out, the aqueous solution of 

di-tert-butyl ( 4-ethenylbenzyl ) phosphine hydrochloride 
previously obtained was added to the solution, and the mixture 
20 was stirred at 25°C for 3 hours. After the completion of the 
reaction, the precipitated product was filtered off. The so 
obtained crystal was suspended in 100 ml of toluene at 50 °C, 
and the suspension was cooled to 25°C and filtered. The 
product filtered off was washed with 100 ml of toluene. The 
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crystal was then suspended in 100 ml of methanol at 50°C, and 
the suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of methanol. The crystal 
obtained was dried to give 17. 7 g of objective 
di-tert-butyl (4-ethenylbenzyl) phosphonium 

tetraphenylborate as white crystal. The yield (mol%) was 76% 
based on di-tert-butylphosphinas chloride. 
[0163] 

The crystal was analyzed by the methods indicated below 
and was identified to be 

di-tert-butyl (4-ethenylbenzyl) phosphonium 

tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 122-132°C (decomposition temperature) 

(2) IR spectrum (KBr) 2359 cm" 1 

(3) 1 H-NMR spectrum (5 in DMSO-d6) 

1.40 ppm (d, 18H, J=16.1 Hz, H 3 C-C-P) 
3.96 ppm (brs, 2H, H 2 C-CH-C 6 H 4 -CH2-P ) 
5.29 ppm (d, 1H, 11.0 Hz, H 2 C=CH-C 6 H 4 --CH 2 -P) 
5.86 ppm (d, 1H, 17.8 Hz, H 2 C=CH-C 6 H 4 -CH2--P) 
6.68-7.53 ppm (brd, 1H, H-P) 

6.70 ppm (d, 1H, 10.8 Hz, H 2 C=CH-C 6 H 4 -CH 2 -P) 
6.78 ppm (t, 4H, J=7.15 Hz, Ph-B) 
6.92 ppm (t, 8H, J=7.24 Hz, Ph-B) 
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7.18 ppm (brs, 8H, Ph-B) 

7.42 ppm (d, 2H, J=7.70 Hz, H 2 C=CH-C 6 H 4 -CH 2 -P) 
7.51 ppm (d, 2H, J=7.89 Hz, H 2 C=CH-C 6 H 4 -CH 2 -P) 



(4) 13 C-NMR spectrum (5 in DMS0-d6) 



20.3 ppm (d, J=34.8 Hz, H 2 C=CH-C 6 H 4 -CH 2 -P) 

2 6.7 ppm (s, H 3 C-C-P) 

32.8 ppm (d, J=31.7 Hz, H3C-C-P) 



10 



15 



114.9 ppm 



121.5 ppm 
125.2 ppm 
12 6.7 ppm 
12 8.1 ppm 
12 8.8 ppm 
12 9.9 ppm 

135.6 ppm 
135.8 ppm 



163.4 ppm 



s, H 2 C=CH-C 6 H 4 -CH 2 -P) 



s, Ph-B) 



dd, J=2.5 Hz, 5.0 Hz, Ph-B) 



s, H 2 C=CH-C 6 H 4 -CH 2 -P) 



d, J=6.8 Hz, H 2 C=CH-C 6 H 4 quaternary-CH 2 -P) 
s, H 2 C=CH-C 6 H 4 quaternary-CH 2 -P) 



s, H 2 C=CH-C 6 H 4 -CH 2 -P) 



s, Ph-B) 



s, H 2 C=CH-C 6 H 4 -CH 2 -P) 

dd, J=49.4 Hz, 98.5 Hz, Ph quaternary-B) 



[Example B-14] 

Production of di-tert-butylvinylphosphonium 
2 0 tetraphenylborate 

A 100-ml four-necked flask sufficiently purged with 
nitrogen was equipped with a stirrer, a thermometer and a reflux 
condenser. 7.2 g (40 mmol) of di-tert-butylphosphinas 



chloride, 0.040 g (0.40 mmol) of copper (I) chloride and 7.2 
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ml of tetrahydrof uran were weighed in the flask. A 
vinylmagnesium chloride solution was added dropwise to the 
flask at an internal temperature of 10-20°C over a period of 
1 hour, wherein the solution had been previously prepared from 
5 3 . 3 g (52 mmol) of vinyl chloride and 1 .3 g (52 mmol) of metallic 
magnesium in 21 g of tetrahydrof uran . The mixture was stirred 
at 40-50 °C for 2 hours. Gas chromatography analysis confirmed 
the disappearance of di-tert-butylphosphinas chloride. 
After the completion of the reaction, 26 ml of toluene was added, 
10 and 11.8 g (6 mmol) of 5% sulfuric acid was added dropwise to 
dissolve the magnesium salt, followed by separation. The 
organic phase was washed with 11.8 ml of water. 
[0164] 

A 100-ml four-necked flask sufficiently purged with 
15 argon was equipped with a stirrer, a thermometer and a reflux 
condenser. The solution of di-tert-butylvinylphosphine 
prepared above was weighed in the flask, to which 8 . 0 ml (40 
mmol) of 5N hydrochloric acid was added, followed by stirring 
at 25°C for 1 hour. The organic phase was analyzed by gas 
2 0 chromatography, which confirmed the disappearance of 

di-tert-butylvinylphosphine. After the completion of the 
reaction, the liquid was separated and the aqueous phase was 
washed with 8 . 0 ml of heptane. The aqueous phase was assumed 
to contain di-tert-butylvinylphosphine hydrochloride 



dissolved therein . 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 15.1 g (44 mmol) of 
sodium tetraphenylborate and 60 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 
tetraphenylborate. While the stirring was continuously 
carried out, the aqueous solution of 

di-tert-butylvinylphosphine hydrochloride previously 
obtained was added to the solution, and the mixture was stirred 
at 25°C for 3 hours. After the completion of the reaction, 
the precipitated product was filtered off. The so obtained 
crystal was suspended in 100 ml of toluene at 50 °C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of toluene. The crystal 
was then suspended in 100 ml of methanol at 50 °C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of methanol. The crystal 
obtained was dried to give 14.4 g of objective 
di-tert-butylvinylphosphonium tetraphenylborate as white 
crystal. The yield (mol%) was 73% based on 
di-tert-butylphosphinas chloride. 
[0165] 

The crystal was analyzed by the methods indicated below 
and was identified to be di-tert-butylvinylphosphonium 
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tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 253-261°C (decomposition temperature) 

(2) IR spectrum (KBr) 2359 cm" 1 
[Example B-15] 

Production of allyl-di-tert-butyjphosphonium 

tetraphenylborate 

A 100-ml four-necked flask sufficiently purged with 
nitrogen was equipped with a stirrer, a thermometer and a reflux 
condenser. 7.2 g (40 mmol) of di-tert-butylphosphinas 
chloride, 0.040 g (0.40 mmol) of copper (I) chloride and 7.2 
ml of tetrahydrofuran were weighed in the flask. An 
allylmagnesium chloride solution was added dropwise to the 
flask at an internal temperature of 10-20°C over a period of 
1 hour, wherein the solution had been previously prepared from 
4.0g (52 mmol) of allyl chloride and L3g (52 mmol) of metallic 
magnesium in 21 g of tetrahydrofuran. The mixture was stirred 
at 20-30°C for 1 hour. Gas chromatography analysis confirmed 
the disappearance of di-tert-butylphosphinas chloride. 
After the completion of the reaction, 26 ml of toluene was added, 
and 11.8 g (6 mmol) of 5% sulfuric acid was added dropwise to 
dissolve the magnesium salt, followed by separation. The 
organic phase was washed with 11.8 ml of water. 
[0166] 
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A 200-ml four-necked flask sufficiently purged with 
argon was equipped with a stirrer, a thermometer and a reflux 
condenser. The solution of allyl-di-tert-butylphosphine 
prepared above was weighed in the flask, to which 8 . 0 ml (40 
5 mmol) of 5N hydrochloric acid was added, followed by stirring 
at 25°C for 1 hour. The organic phase was analyzed by gas 
chromatography, which confirmed the disappearance of 
allyl-di-tert-butylphosphine . After the completion of the 
reaction, the liquid was separated and the aqueous phase was 

10 washed with 8.0 ml of heptane. The aqueous phase was assumed 
to contain allyl-di-tert-butylphosphine hydrochloride 
dissolved therein . 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 15.1 g (44 mmol) of 

15 sodium tetraphenylborate and 60 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 
tetraphenylborate. While the stirring was continuously 
carried out, the aqueous solution of 

allyl-di-tert-butylphosphine hydrochloride previously 
20 obtained was added to the solution, and the mixture was stirred 
at 25°C for 3 hours. After the completion of the reaction, 
the precipitated product was filtered off. The so obtained 
crystal was suspended in 100 ml of toluene at 50°C, and the 
suspension was cooled to 25°C and filtered. The product 
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filtered off was washed with 100 ml of toluene. The crystal 
was then suspended in 100 ml of methanol at 50°C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of methanol. The crystal 
obtained was dried to give 15.2 g of objective 
allyl-di-tert-butylphosphonium tetraphenylborate as white 

crystal. The yield (mol%) was 75% based on 
di-tert-butylphosphinas chloride . 

The crystal, was analyzed by the methods indicated below 
and was identified to be allyl-di-tert-butylphosphonium 
tetraphenylborate . The analytical values and properties were 
as follows. 

(1) Melting point: 148-160°C (decomposition temperature) 

(2) IR spectrum (KBr) 2384 cm -1 

(3) 1 H-NMR spectrum (5 in DMSO-d6) 

1.40 ppm (d, 18H, J=16.1 Hz, H 3 C-C-P) 
3.34 ppm (brs, 2H, H 2 C=CH-CH 2 -P) 
5.33 ppm (d, 1H, 9.54 Hz, H 2 C=CH-CH 2 -P) 
5.47 ppm (d, 1H, 16.3 Hz, H 2 C=CH-CH 2 -P) 

5.84-5.97 ppm (m, 1H, H 2 C=CH-CH 2 -P) 

6.77-7.36 ppm (brd, 1H, H-P) 

6.79 ppm (t, 4H, J=7.06 Hz, Ph-B) 

6.93 ppm (t, 8H, J=7.25 Hz, Ph-B) 

7.18 ppm (brs, 8H, Ph-B) 
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(4) 13 C-NMR spectrum (5 in DMS0-d6) 

18.7 ppm (d, J=36.7 Hz, H 2 C=CH-CH 2 -P) 
2 6.6 ppm (s, H 3 C-C-P) 
32.6 ppm (d, J=32.3 Hz, H3C-C-P) 
5 109.5 ppm (s, H 2 C=CH-CH 2 -P) 

115.2 ppm (s, H 2 C=CH-CH 2 -P) 
121.5 ppm (s, Ph-B) 

125.2 ppm (dd, J=2 . 5 Hz, 5.6 Hz, Ph-B) 
135.5 ppm (s, Ph-B) 
10 163.4 ppm (dd, J=49.7 Hz, 98.8 Hz, Ph quaternary-B) 

[Example B-16] 

Production of tricyclohexylphosphonium 
tetra-para-tolylborate 

The procedures in Example B-2 were repeated except that 

15 6.4 g (40 inmol) of di-tert-butylmethylphosphine was replaced 
with 11.2 g (40mmol) of tricyclohexylphosphine . Consequently, 
22.3 g of objective tricyclohexylphosphonium 
tetra-para-tolylborate was obtained as white crystal. The 
yield (mol%) was 85% based on tricyclohexylphosphine. 

20 [0167] 

The crystal was analyzed by the methods indicated below 
and was identified to be tricyclohexylphosphonium 
tetra-para-tolylborate. The analytical values and 
properties were as follows. 



SF-1113 



178 



(1) Melting point: 129-131°C 

(2) IR spectrum (KBr) 2376 cm" 1 

(3) 1 H-NMR spectrum (5 in DMS0-d6) 

1.18-1.89 ppm (m, 30H, cyclohexyl secondary) 

2.15 ppm (s, 12H, H 3 C-C 6 H 4 -B) 

2.51-2.57 ppm (m, 3H, cyclohexyl tertiary) 

5.77 ppm (brd, 1H, J=470.4 Hz, H-P) 

6.71 ppm (t, 8H, J=7 .70 Hz, H 3 C-C 6 H 4 -B) 

7.03 ppm (brs, 8H, H 3 C-C 6 H 4 -B) 

(4) 13 C-NMR spectrum (5 in DMSO-d6) 

2 0.8 ppm (s, H 3 C-C 6 H 4 -B) 

24.6 ppm (s, cyclohexyl secondary) 

25.6 ppm (d, J=13.1 Hz, cyclohexyl secondary) 

26.8 ppm (d, J=31.1 Hz, cyclohexyl tertiary) 

27.0 ppm (s, cyclohexyl secondary) 

125.9 ppm (dd, J=3.1 Hz, 5.6 Hz, H 3 C-C 6 H 4 -B) 

129.0 ppm (s, H 3 C-C 6 H 4 quaternary-B) 

135.5 ppm (d, J=1.2 Hz, H 3 C-C 6 H 4 -B) 

160.2 ppm (dd, J=49.4 Hz, 99.1 Hz, H 3 C-C 6 H 4 quaternary-B) 
[Example B-17] 

Production of triisopropylphosphonium tetraphenylborate 

The procedures in Example B-l were repeated except that 
6.4 g (40 mmol) of di-tert-butylmethylphosphine was replaced 
with 6.4 g (40 mmol) of triisopropylphosphine . Consequently, 
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16.9 g of objective triisopropylphosphonium tetraphenylborate 
was obtained as white crystal. The yield (mol%) was 88% based 
on triisopropylphosphine . 
[0168] 

5 The crystal was analyzed by the methods indicated below 

and was identified to be triisopropylphosphonium 
tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 194-214°C (decomposition temperature) 
10 (2) IR spectrum (KBr) 2390 cm" 1 

(3) 1 H-NMR spectrum (5 in DMSO-d6) 

1.31 ppm (dt, 18H, J=17.4 Hz, 7.33 Hz, (H 3 C ) 2 -CH-P) 
2.82 ppm (dhep, 3H, J=12.3 Hz, 7.24 Hz, (H 3 C) 2 -CH-P) 
5.93 ppm (brd, 1H, J=482.3 Hz, H-P) 
15 6.79 ppm (t, 4H, J=7.15 Hz, Ph-B) 

6.93 ppm (t, 8H, J=7.34 Hz, Ph-B) 
7.19 ppm (brs, 8H, Ph-B) 

(4) 13 C-NMR spectrum (5 in DMS0-d6) 

17.2 ppm (d, J=2.5 Hz, (H 3 C) 2 -HC-P) 
20 18.1 ppm (d, J=39.8 Hz, (H 3 C) 2 -HC-P) 

121.4 ppm (s, Ph-B) 

125.2 ppm (dd, J=2 . 3 Hz, 5.2 Hz, Ph-B) 

135.5 ppm (d, J=1.2 Hz, Ph-B) 

163.3 ppm (dd, J=4 9.1 Hz, 98.8 Hz, Ph quaternary-B) 



SF-1113 



180 



[Example B-18] 

Synthesis of 1-phenylheptane from n-heptyl bromide and 
phenylboronic acid 

(Synthesis in which di-tert-butylmethylphosphonium 
tetraphenylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.896 g (5 mmol) of 
n-heptyl bromide, 0.914 g (7.5 mmol) of phenylboronic acid, 
0.056g (0.25 mmol) of palladium (II) acetate, 1 . 68 3 g (15 mmol) 
of potassium tert-butoxide and 25 ml of tert-amyl alcohol were 
weighed in the flask, followed by stirring. Further, 0.240 
g (0.5 mmol) of di-tert-butylmethylphosphonium 
tetraphenylborate obtained in Example B-l was weighed in air 
and added into the flask. The flask was purged with argon, 
followed by stirring at 25°C for 24 hours. After the 
completion of the reaction, 20 ml of saturated sodium chloride 
solution was added, followed by separation. The organic phase 
was purified by column chromatography to afford 0.785 g of 
1-phenylheptane (yield: 89 moll based on n-heptyl bromide) . 
The identification of the product was made by mass 

spectroscopy. 

[0169] 

Mass spectrum [EI mode] M/Z 176 (M + ) 
[Example B-19] 
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Synthesis of 4-n-heptyl toluene from n-hepty l bromide and 
para-tolylboronic acid 

(Synthesis in which di-tert-butylmethylphosphonium 
tetraphenylborate was handled in air) 

The procedures in Example B-18 were repeated except that 
0.914 g (7.5mmol) of phenylboronic acid was replaced with 1 . 020 
g (7.5mmol) of para-tolylboronic acid . The organic phase was 
purified by column chromatography to afford 0.723 g of 
4-n-heptyltoluene (yield: 76 mol% based on n-heptyl bromide) . 
The identification of the product was made by mass 
spectroscopy. 
[0170] 

Mass spectrum [EI mode] M/Z 190 (M + ) 
[Example B-20] 

Synthesis of 1-phenylheptane from n-heptyl brom ide and 
phenylboronic acid 

(Synthesis in which di-tert-butylmethylphosphonium 
tetra-para-tolylborate was handled in air) 

The procedures in Example B-18 were repeated except that 
0.240 g (0.5 mmol) of di-tert-butylmethylphosphonium 
tetraphenylborate was replaced with 0.268 g (0.5 mmol) of 
di-tert-butylmethylphosphonium tetra-para-tolylborate 
obtained in Example B-2 . Consequently, 0.732 g of 
1-phenylheptane was obtained (yield: 83 mol% based on n-heptyl 
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bromide) . The identification of the product was made by mass 

spectroscopy. 

[0171] 

Mass spectrum [EI mode] M/Z 176 (M + ) 
5 [Example B-21] [Similar to Example A-5] 

Synthesis of 2-ortho-tolylpyridine from 2-chloropyridine and 
ortho-tolylboronic acid 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

10 A 50 -ml four-necked flask was equipped with a stirrer, 

a thermometer and a reflux condenser. 0.568 g (5 mmol) of 
2-chloropyridine, 0.748 g (5.5 mmol) of ortho-tolylboronic 
acid, 0.011 g (0.05 mmol) of palladium (II) acetate, 0.959 g 
(17 mmol) of potassium fluoride and 10 ml of tetrahydrof uran 

15 were weighed in the flask, followed by stirring. Further, 
0.029 g (0.05 mmol) of tri-tert-butylphosphonium 

* 

tetra-para-tolylborate obtained in Example B-3 was weighed in 
air and added into the flask. The flask was purged with argon, 
followed by stirring at 25°C for 24 hours. After the 
20 completion of the reaction, 10 ml of 10% aqueous sodium 

hydroxide solution was added, followed by separation. The 
organic phase was purified by column chromatography to afford 
0.677 g of 2-ortho-tolylpyridine (yield: 80 mol% based on 
2-chloropyridine) . The identification of the product was made 
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by mass spectroscopy. 
[0172] 

Mass spectrum [EI mode] M/Z 169 (M + ) 
[Example B-22] 

5 Synthesis of 1-phenylheptane from n-heptyl bromide and 
phenylmagnesium chloride 

(Synthesis in which di-tert-butylmethylphosphonium 
tetraphenylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
10 a thermometer, a dropping funnel and a reflux condenser . 0.045 
g (0.2 mmol) of palladium (II) acetate and 2 ml of 
tetrahydrof uran were weighed in the flask, followed by 
stirring. Further, 0.096 g (0.2 mmol) of 

di-tert-butylmethylphosphonium tetraphenylborate obtained in 
15 Example B-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 22 °C for 
30 minutes. 3.582 g (20 mmol) of n-heptyl bromide was added, 
followed by stirring at 22°C for 30 minutes. 10 ml (22 mmol) 
of 2 . 2M tetrahydrofuran solution of phenylmagnesium chloride 
20 was added dropwise at 30°C over a period of 10 minutes, followed 
by stirring at 30°C for 3 hours. After the completion of the 
reaction, 10 ml of saturated aqueous ammonium chloride 
solution was added, followed by separation. The organic phase 
was purified by column chromatography to afford 2.997 g of 
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1-phenylheptane (yield: 85 mol% based on n-heptyl bromide) . 
The identification of the product was made by mass 
spectroscopy- 
[0173] 

5 Mass spectrum [EI mode] M/Z 176 (M + ) 

[Example B-23] [Similar to Example A-6] 

Synthesis of 4-methylbiphenyl from 4-bromotoluene and 
phenylmagnesium chloride 

(Synthesis in which tri-tert-butylphosphonium 

10 tetra-para-tolylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer, a dropping funnel and a reflux condenser . 0.014 
g (0.08 mmol) of palladium (II) chloride, 0.0194 g (0.19 mmol) 
of triethylamine and 5.5 ml of tetrahydrofuran were weighed 

15 in the flask, followed by stirring. Further, 0.093 g (0.16 
mmol) of tri-tert-butylphosphonium tetra-para-tolylborate 
obtained in Example B-3 was weighed in air and added into the 
flask. The flask was purged with argon, followed by stirring 
at 21°C for 30 minutes. 1 .368 g (8 mmol) of 4-bromotoluene 

20 was added, followed by stirring at 21 °C for 30 minutes. 4 ml 
(8.8 mmol ) of 2 . 2M tetrahydrofuran solution of phenylmagnesium 
chloride was added dropwise at 21°C over a period of 10 minutes, 
followed by stirring at 21 °C for 2 hours. After the completion 
of the reaction, 5 ml of saturated aqueous ammonium chloride 
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solution was added, followed by separation. The organic phase 
was purified by column chromatography to afford 1.171 g of 
4-methylbiphenyl (yield: 87 mol% based on 4-bromotoluene) . 
The identification of the product was made by mass 
5 spectroscopy. 
[0174] 

Mass spectrum [EI mode] M/Z 168 (M + ) 

[Example B-24] [Similar to Example A-7] 

Synthesis of 4-vinylbiphenyl from bromobenzene and 
10 4-vinylphenylmagnesium chloride 

(Synthesis in which tri-tert-butylphosphonium 

tetra-para-tolylborate was handled in air) 

A 100-ml four-necked flask was equipped with a stirrer, 

a thermometer, a dropping funnel and a reflux condenser. 
15 0.0674 g (0.3 mmol) of palladium (II) acetate and 6 ml of 

tetrahydrofuran were weighed in the flask, followed by 

stirring. Further, 0.347 g (0.6 mmol) of 

tri-tert-butylphosphonium tetra-para-tolylborate obtained in 
Example B-3 was weighed in air and added into the flask. The 
20 flask was purged with argon, followed by stirring at 19°C for 
30 minutes. 4.710 g (30 mmol) of bromobenzene was added, 
followed by stirring at 19°C for 30 minutes. 40 ml (50 mmol) 
of 1.25M tetrahydrofuran solution of 4-vinylphenylmagnesium 
chloride was added dropwise at 19°C over a period of 2 hours, 
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followed by stirring at 30°C for 2 hours. After the completion 
of the reaction, 10 ml of saturated aqueous ammonium chloride 
solution was added, followed by separation. The organic phase 
was purified by column chromatography to afford 4.434 g of 
4-vinylbiphenyl (yield: 82 mol% based on bromobenzene) . The 
identification of the product was made by mass spectroscopy. 
[0175] 

Mass spectrum [EI mode] M/Z 180 (M + ) 
[Example B-25] [Similar to Example A-8] 

Synthesis of 1-phenylheptane from n-heptyl chloride and 
phenylmagnesium chloride 

(Synthesis in which tricyclohexylphosphonium 
tetra-para-tolylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer, a dropping funnel and a reflux condenser. 0.027 
g (0.12 mmol) of palladium (II) acetate and 7 ml of 
N-methylpyrrolidinone were weighed in the flask, followed by 
stirring. Further, 0.079 g (0.12 mmol) of 

tricyclohexylphosphonium tetra-para-tolylborate obtained in 
Example B-16 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 25°C for 
30 minutes. 0.404 g (3 mmol) of n-heptyl chloride was added, 
followed by stirring at 25°C for 30 minutes. 2 ml (4.4 mmol) 
of 2.2M tetrahydrofuran solution of phenylmagnesium chloride 
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was added dropwise at 25°C over a period of 10 minutes, followed 
by stirring at 25°C for 19 hours. After the completion of the 
reaction, 6 ml of tetrahydrof uran and 10 ml of saturated aqueous 
ammonium chloride solution were added, followed by separation. 
The organic phase was purified by column chromatography to 
afford 0.434 g of 1-phenylheptane (yield: 82 mol% based on 
n-heptyl chloride) . The identification of the product was 
made by mass spectroscopy. 
[0176] 

Mass spectrum [EI mode] M/Z 176 (M + ) 
[Example B-26] [Similar to Example A-9] 

Synthesis of 4-cyanobiphenvl from 4-chlorobenzonitril e and 
phenyl zinc chloride 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.022 g (0.1 mmol) of 
palladium (II) acetate and 7 ml of N-methylpyrrolidinone were 
weighed in the flask, followed by stirring. Further, 0.116 
g (0.2 mmol) of tri-tert-butylphosphonium 

tetra-para-tolylborate obtained in Example B-3 was weighed in 
air and added into the flask. The flask was purged with argon, 
followed by stirring at 25°C for 30 minutes to prepare a 
reaction liquid. 
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[0177] 

A 50-ml four-necked flask was equipped with a stirrer, 

a thermometer, a dropping funnel and a reflux condenser. 1.090 

g (8 mmol) of zinc chloride and 4 ml of N-methylpyrrolidinone 

5 were weighed in the flask. The flask was purged with argon, 

followed by stirring. 3 . 4 ml (7.5 mmol) of 2 . 2M 

tetrahydrofuran solution of phenylmagnesium chloride was 

added dropwise at 25°C over a period of 30 minutes, followed 

by stirring at 25°C for 30 minutes. The reaction liquid 

« 

10 previously obtained was added, followed by stirring at 25°C 
for 30 minutes. Further, 0.688 g (5 mmol) of 
4-chlorobenzonitrile was added, followed by stirring at 120°C 
for 9 hours. After the completion of the reaction, 10 ml of 
toluene and 10 ml of saturated aqueous ammonium chloride 

15 solution were added, followed by separation. The organic 

phase was purified by column chromatography to afford 0.672 
g of 4-cyanobiphenyl (yield: 75 mol% based on 
4-chlorobenzonitrile) . The identification of the product was 
made by mass spectroscopy. 

20 [0178] 

Mass spectrum [EI mode] M/Z 179 (M + ) 
[Example B-27] [Similar to Example A-10] 
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Synthesis of 1-phenylheptane from chlorobenzene and 
n-heptylzinc chloride 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 
5 A 30-ml four-necked flask was equipped with a stirrer, 

a thermometer and a reflux condenser. 0.022 g (0.1 mmol) of 
palladium (II) acetate and 7 ml of N-methylpyrrolidinone were 
weighed in the flask, followed by stirring. Further, 0.116 
g (0.2 mmol) of tri-tert-butylphosphonium 
10 tetra-para-tolylborate obtained in Example B-3 was weighed in 
air and added into the flask. The flask was purged with argon, 
followed by stirring at 25°C for 30 minutes to prepare a 
reaction liquid. 

[0179] 

15 A 50-ml four-necked flask was equipped with a stirrer, 

a thermometer, a dropping funnel and a reflux condenser. 1 . 090 
g (8 mmol) of zinc chloride and 4 ml of N-methylpyrrolidinone 
were weighed in the flask. The flask was purged with argon, 
followed by stirring. 3.5 ml (7 mmol) of 2M tetrahydrof uran 

20 solution of n-heptylmagnesium chloride was added dropwise at 
25°C over a period of 30 minutes, followed by stirring at 25°C 
for 30 minutes. The reaction liquid previously obtained was 
added, followed by stirring at 25°C for 30 minutes. Further, 
0.558 g (5 mmol) of chlorobenzene was added, followed by 
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stirring at 120°C for 16 hours. After the completion of the 
reaction, 10 ml of toluene and 10 ml of saturated aqueous 
ammonium chloride solution were added, followed by separation. 
The organic phase was purified by column chromatography to 
afford 0.688 g of 1-phenylheptane (yield: 78 moll based on 
chlorobenzene ) . The identification of the product was made 
by mass spectroscopy. 
[0180] 

Mass spectrum [EI mode] M/Z 176 (M + ) 
[Example B-2 8] 

Synthesis of 1-phenylheptane from n-heptyl bromide and 
trimethoxyphenylsilane 

(Synthesis in which di-tert-butylmethylphosphonium 
tetraphenylborate was handled in air) 
15 A 30-ml four-necked flask was equipped with a stirrer, 

a thermometer and a reflux condenser. 0.358 g (2 mmol) of 
n-heptyl bromide, 0.476 g (2.4 mmol) of trimethoxyphenylsilane, 
0 . 021 g (0.08 mmol) of palladium (II) bromide, 4 . 8 ml (4.8 mmol) 
of 1M tetrahydrof uran solution of tetra-n-butylammonium 
20 fluoride and 4 . 8 ml of tetrahydrof uran were weighed in the flask, 
followed by stirring. Further, 0.096 g (0.2 mmol) of 
di-tert-butylmethylphosphonium tetraphenylborate obtained in 
Example B-l was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 25°C for 



5 



10 
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21 hours . After the completion of the reaction, 5 ml of toluene 
and 10 ml of saturated sodium chloride solution were added, 
followed by separation. The organic phase was purified by 
column chromatography to afford 0.300 g of 1-phenylheptane 
5 (yield: 85 mol% based on n-heptyl bromide) . The 

identification of the product was made by mass spectroscopy. 
[0181] 

Mass spectrum [EI mode] M/Z 176 (M + ) 
[Example B-29] [Similar to Example A-ll] 
10 Synthesis of 2-methylbiphenyl from 2-chlorotoluene and 
tri-n-butylphenyltin 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
15 a thermometer and a reflux condenser. 0.045 g (0.2 mmol) of 
palladium (II) acetate, 1.337 g (8.8 mmol) of cesium fluoride 
and 4 ml of 1,4-dioxane were weighed in the flask, followed 
by stirring. Further, 0.463 g (0.8 mmol) of 

tri-tert-butylphosphonium tetra-para-tolylborate obtained in 
20 Example B-3 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 25°C for 
30 minutes. 0.506 g (4 mmol) of 2-chlorotoluene and 1.391 g 
(4.2 mmol) of tri-n-butylphenyltin were added, followed by 
stirring at 95°C for 18 hours. After the completion of the 
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reaction, 10 ml of toluene and 10 ml of saturated sodium 
chloride solution were added, followed by separation. The 
organic phase was purified by column chromatography to afford 
0.511 g of 2-methylbiphenyl (yield: 7 6 mol% based on 
5 2-chlorotoluene) . The identification of the product was made 
by mass spectroscopy. 
[0182] 

Mass spectrum [EI mode] M/Z 168 (M + ) 
[Example B-30] [Similar to Example A-12] 
10 Synthesis of 2-methylbiphenyl from 2-bromotoluene and 
tri-n-butylphenyltin 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 

15 a thermometer and a reflux condenser. 0.045 g (0.2 mmol) of 
palladium (II) acetate, 1.337 g (8.8 mmol) of cesium fluoride 
and 4 ml of N-methylpyrrolidinone were weighed in the flask, 
followed by stirring. Further, 0.463 g (0.8 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate obtained in 

20 Example B-3 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 25°C for 
30 minutes. 0.684 g (4 mmol) of 2-bromotoluene and 1.391 g 
(4.2 mmol) of tri-n-butylphenyltin were added, followed by 
stirring at 40°C for 17 hours. After the completion of the 
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* 

reaction, 10 ml of toluene and 10 ml of saturated sodium 
chloride solution were added, followed by separation. The 
organic phase was purified by column chromatography to afford 
0.498 g of 2-methylbiphenyl (yield: 7 4 mol% based on 
5 2-bromotoluene) . The identification of the product was made 
by mass spectroscopy. 
[0183] 

Mass spectrum [EI mode] M/Z 168 (M + ) 
[Example B-31] [Similar to Example A-13] 
10 Synthesis of (E) -3- ( 4-dimethylaminophenyl ) -2-methylacrylic 
acid methyl ester from 4-dimethylaminobromobenzene and methyl 
methacrylate 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 
15 A 30-ml four-necked flask was equipped with a stirrer, 

a thermometer and a reflux condenser. 1.000 g (5 mmol) of 
4-dimethylaminobromobenzene, 1.001 g (10 mmol) of methyl 
methacrylate, 0.011 g (0.012 mmol) of 

tris (dibenzylideneacetone) dipalladium (0), 1 . 074 g (5. 5 mmol) 
20 of dicyclohexylmethylamine and 5 ml of tetrahydrofuran were 
weighed in the flask, followed by stirring. Further, 0.029 
g (0.05 mmol) of tri-tert-butylphosphonium 

tetra-para-tolylborate obtained in Example B-3 was weighed in 
air and added into the flask. The flask was purged with argon, 
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followed by stirring at 30°C for 25 hours. After the 
completion of the reaction, 5 ml of toluene and 10 ml of 
saturated sodium chloride solution were added, followed by 
separation. The organic phase was purified by column 
5 chromatography to afford 0.954 g of 

(E) -3- (4-dimethylaminophenyl) -2-methylacrylic acid methyl 
ester (yield: 87 mol% based on 4-dimethylaminobromobenzene) . 
The identification of the product was made by 1 H-NMR and 13 C-NMR. 

(1) 1 H-NMR spectrum (5 in CDC1 3 ) 
10 2.15 ppm (s, 3H, H 3 C-C) 

2.98 ppm (s, 6H, H 3 CN) 
3.78 ppm (s, 3H, H 3 CO) . 

6.69 ppm (d, J=8.8 Hz, 2H, ring proton) 
7.37 ppm (d, J=8 . 8 Hz, 2H, ring proton) 
15 -7.62 ppm (s, 1H, HC=) 

(2) 13 C-NMR spectrum (5 in CDC1 3 ) 

14.2, 40.1, 51.8, 111.6, 123.1, 123.7, 131.6, 139.4, 
150.3, 169.8 ppm 

[Example B-32] [Similar to Example A-14] 
2 0 Synthesis of (trans ) -4-acetylstilbene from 
4' -chloroacetophenone and styrene 
(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
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a thermometer and a reflux condenser. 0.77 3 g (5 mmol) of 
4' -chloroacetophenone , 1.042 g (10 mmol) of styrene, 0.034 g 
(0.038 mmol) of tris ( dibenzylideneacetone ) dipalladium (0) , 
1.074 g (5.5 mmol) of dicyclohexylmethylamine and 5 ml of 
5 tetrahydrof uran were weighed in the flask, followed by 
stirring. Further, 0.087 g (0.15 mmol) of 

tri-tert-butylphosphonium tetra-para-tolylborate obtained in 
Example B-3 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 

10 37 hours. After the completion of the reaction, 5 ml of toluene 
and 10 ml of saturated sodium chloride solution were added, 
followed by separation. The organic phase was purified by 
column chromatography to afford 0.841 g of 
(trans) -4-acetylstilbene (yield: 75 mol% based on 

15 4' -chloroacetophenone) . The identification of the product 
was made by mass spectroscopy, 1 H-NMR and 13 C-NMR. 

(1) Mass spectrum [EI mode] M/Z 222 (M + ) 

(2) 1 H-NMR spectrum (5 in CDC1 3 ) 

2.60 ppm (s, 3H, H 3 C) 
20 7.11 ppm (d, J=16.5 Hz, 1H, HC=) 

7.22 ppm (d, J=16.5 Hz, 1H, HC=) 
7.24-40 ppm (m, 3H, ring proton) 
7.53 ppm (d, J=7.2 Hz, 2H, ring proton) 
7.57 ppm (d, J=8.7 Hz, 2H, ring proton) 
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7.94 ppm (d, J=8.7 Hz, 2H, ring proton) 
(3) 13 C-NMR spectrum (5 in CDC1 3 ) 

26.9, 126.6, 126.9, 127.5, 128.4, 128.9, 129.0, 131.5, 
136.0, 136.8, 142.1, 197.5 ppm 
5 [Example B-33] [Similar to Example A-15] 

Synthesis of (E) -3- (2, 6-dimethylphenyl ) -2-methylacrylic acid 
methyl ester from 2-chloro-meta-xylene and methyl 
methacrylate 

(Synthesis in which tri-tert-butylphosphonium 

10 tetra-para-tolylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.703 g (5 mmol) of 
2-chloro-meta-xylene, 1.001 g (lOmmol) of methyl methacrylate, 
0.034 g (0.038 mmol) of tris (dibenzylideneacetone ) dipalladium 

15 (0), 1.074 g (5.5 mmol) of dicyclohexylmethylamine and 5 ml 
of 1, 4-dioxane were weighed in the flask, followed by stirring. 
Further, 0.087 g (0.15 mmol) of tri-tert-butylphosphonium 
tetra-para-tolylborate obtained in Example B-3 was weighed in 
air and added into the flask. The flask was purged with argon, 

20 followed by stirring at 120°C for 37 hours. After the 

completion of the reaction, 5 ml of toluene and 10 ml of 
saturated sodium chloride solution were added, followed by 
separation. The organic phase was purified by column 
chromatography to afford 0.775 g of 
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(E) -3- (2, 6-dimethylphenyl ) -2-methylacrylic acid methyl ester 
(yield: 76 mol% based on 2-chloro-meta-xylene) . The 
identification of the product was made, by 1 H-NMR and 13 C-NMR. 

(1) 1 H-NMR spectrum (5 in CDC1 3 ) 

1.71 ppm (d, J=l.l Hz, 3H, H 3 OC=) 

2.18 ppm (s, 6H, H 3 C) 

3.84>ppm (s, 3H, H 3 CO) 

7.00-7.15 ppm (m, 3H, ring proton) 

7 . 66 ppm (s, 1H, HC=) 

(2) 13 C-NMR spectrum (5 in CDC1 3 ) 

13.6, 19.9, 51.8, 127.2, 127.3, 130.3, 135.0, 135.2, 
139.0, 168.2 ppm 

[Example B-34] [Similar to Example A-16] 

Synthesis of diphenylacetylene from bromobenzene and 

phenyl acetylene 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.034 g (0.15 mmol) of 
palladium (II) acetate, 0.019 g (0.1 mmol) of copper (I) iodide, 
1.088 g (6 mmol) of dicyclohexylamine and 5 ml of 
tetrahydrofuran were weighed in the flask, followed by 
stirring. Further, 0.174 g (0.3 mmol) of 

tri-tert-butylphosphonium tetra-para-tolylborate obtained in 
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Example B-3 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 
30 minutes. 0.785 g (5 mmol) of bromobenzene and 1.021 g (10 
mmol) of phenylacetylene were added, followed by stirring at 
30°C for 17 hours. After the completion of the reaction, 10 
ml of tetrahydrof uran, 5 ml of toluene and 15 ml of saturated 
sodium chloride solution were added, followed by separation. 
The organic phase was purified by column chromatography to 
afford 0.882 g of diphenylacetylene (yield: 99 mol% based on 
bromobenzene) . The identification of the product was made by 
mass spectroscopy. 
[0184], 

Mass spectrum [EI mode] M/Z 178 (M + ) 
[Example B-35] [Similar to Example A-17] 
Synthesis of diphenylacetylene from bromobenzene and 
phenylacetylene 

(Synthesis in which tri- tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.034 g (0.15 mmol) of 
palladium (II) acetate, 1.088 g (6 mmol) of dicyclohexylamine 
and 5 ml of tetrahydrof uran were weighed in the flask, followed 
by stirring. Further, 0.174 g (0.3 mmol) of 

tri-tert-butylphosphonium tetra-para-tolylborate obtained in 
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Example B-3 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 
30 minutes- 0.785 g (5 mmol) of bromobenzene and 0.613 g (6 
mmol) of phenylacetylene were added, followed by stirring at 
5 30°C for 14 hours. After the completion of the reaction, 10 
ml of tetrahydrofuran, 5 ml of toluene and 15 ml of saturated 
sodium chloride solution were added, followed by separation. 
The organic phase was purified by column chromatography to 
afford 0.838 g of diphenylacetylene (yield: 94 mol% based on 
10 bromobenzene) . The identification of the product was made by 
mass spectroscopy . 
[0185] 

Mass spectrum [EI mode] M/Z 178 (M + ) 
[Example B-36] [Similar to Example A-18] 

15 Synthesis of 4- [ ( trimethylsilyl) ethynyl ] benzaldehyde from 
4-bromobenzaldehyde and trimethylsilylacetylene 
(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 

20 a thermometer and a reflux condenser. 0.034 g (0.15 mmol) of 
palladium (II) acetate, 0.019 g (0.1 mmol) of copper (I) iodide, 
1.088 g (6 mmol) of dicyclohexylamine and 9 ml of 
tetrahydrofuran were weighed in the flask, followed by 
stirring. Further, 0.174 g (0.3 mmol) of 
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tri-tert-butylphosphonium tetra-para-tolylborate obtained in 
Example B-3 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 
30 minutes. 0.925 g (5 mmol) of 4-bromobenzaldehyde and 0.589 
g (6 mmol) of tr imethylsilylacetylene were added, followed by 
stirring at 30°C for 17 hours. After the completion of the 
reaction, 10 ml of tetrahydrof uran, 5 ml of toluene and 15 ml 
of saturated sodium chloride solution were added, followed by 
separation. The organic phase was purified by column 
chromatography to afford 0.890 g of 

4- [ (trimethylsilyl) ethynyl ] benzaldehyde (yield: 88 mol% 
based on 4-bromobenzaldehyde) . The identification of the 
product was made by 1 H-NMR and 13 C-NMR. 

(1) 1 H-NMR spectrum (5 in CDC1 3 ) 

0.26 ppm (s, 9H, H 3 C) 

7.59 ppm (d, J=8.1 Hz, 2H, ring proton) 
7.81 ppm (d, J=8.1 Hz, 2H, ring proton) 
9.99 ppm (s, 1H, HC) 

(2) 13 C-NMR spectrum (5 in CDC1 3 ) 

-0.2, 99.0, 103.8, 129.3, 129.4, 132.5, 135.6, 191.4ppm 
[Example B-37] [Similar to Example A-19] . 
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Synthesis of 

4- (N,N-dimethylaminophenyl) -2-methyl-3-butyne-2-ol from 
4-bromo-N,N-dimethylaniline and 2 -methyl- 3-butyne-2-ol 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 50 -ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.034 g (0.15 mmol) of 
palladium (II) acetate, 0.019 g (0.1 mmol) of copper (I) iodide, 

1.08 8 g (6 mmol) of dicyclohexylamine and 5 ml of 

tetrahydrofuran were weighed in the flask, followed by 

stirring. Further, 0.174 g (0.3 mmol) of 

tri-tert-butylphosphonium tetra-para-tolylborate obtained in 
Example B-3 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 
30 minutes. 1.000 g (5 mmol) of 4-bromo-N, N-dimethylaniline 
and 0.505 g (6 mmol) of 2-methyl-3-butyne-2-ol were added, 
followed by stirring at 30°C for 17 hours. After the 
completion of the reaction, 10 ml of tetrahydrofuran, 5 ml of 
toluene and 15 ml of saturated sodium chloride solution were 
added, followed by separation. The organic phase was purified 
by column chromatography to afford 0.875 g of 
4- (N,N-dimethylaminophenyl) -2-methyl-3-butyne-2-ol (yield: 
8 6 mol% based on 4-bromo-N, N-dimethylaniline) . The 
identification of the product was made by mass spectroscopy, 
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1 H-NMR and 13 ONMR. 

(1) Mass spectrum [EI mode] M/Z 203 (M + ) 

(2) 1 H-NMR spectrum (5 in CDC1 3 ) 

1.58 ppm (s, 6H, H 3 CC) 
2.8 6 ppm (s, 6H, H 3 CN) 
3.38 ppm (s, 1H, HO) 

6.54 ppm (d, J=9.0 Hz, 2H, ring proton) 
7.76 ppm (d, J=9.0 Hz, 2H, ring proton) 

(3) 13 C-NMR spectrum (5 in CDC1 3 ) 

31.4, 39.8, 65.0, 82.4, 91.6, 109.6, 111.6, 132.3, 149.7 

ppm 

[Example B-38] [Similar to Example A-20] 

Synthesis of ( 4-f luorophenyl) -2 -methyl -3-butyne-2-ol from 
l-bromo-4-f luorobenzene and 2-methyl-3-butyne-2-ol 
(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 50-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.034 g (0.15 mmol) of 
palladium (II) acetate, 1.088 g (6 mmol) of dicyclohexylamine 
and 5 ml of tetrahydrof uran were weighed in the flask, followed 
by stirring. Further, 0.174 g (0.3 mmol) of 

tri-tert-butylphosphonium tetra-para-tolylborate obtained in 
Example B-3 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 30°C for 
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30 minutes. 0.875 g (5 mmol) of l-bromo-4-f luorobenzene and 
0.505 g (6 mmol) of 2-methyl-3-butyne-2-ol were added, 
followed by stirring at 30°C for 17 hours. After the 
completion of the reaction, 10 ml of tetrahydrof uran, 5 ml of 
5 toluene and 15 ml of saturated sodium chloride solution were 
added, followed by separation. The organic phase was purified 
by column chromatography to afford 0.862 g of 
(4-f luorophenyl) -2-methyl-3-butyne-2-ol (yield: 97 mol% 
based on l-bromo-4-f luorobenzene) . The identification of the 
10 product was made by 1 H-NMR and 13 C-NMR. 

(1) 1 H~NMR spectrum (5 in CDC1 3 ) 

1.59 ppm (s, 6H, H 3 C) 
3.41 ppm (s, 1H, HO) 

6.8 8-6.95 ppm (m, 2H, ring proton) 
15 7.30-7.36 ppm (m, 2H, ring proton) 

(2) 13 C-NMR spectrum (5 in CDC1 3 ) 

31.5, 65.3, 80.8, 93.6, 115.3 (d, J=21.8Hz), 122.1 (d, 
J=492.3 Hz), 133.3 (d, J=8.7 Hz), 162.2 (d, J=249.2 Hz) ppm 
[Example B-39] [Similar to Example A-21] 
2 0 Synthesis of 1 , 2-diphenyl-l-propanone from chlorobenzene and 

* 

propiophenone 

(Synthesis in which tri-tert-butylphosphonium 

» 

tetra-para-tolylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
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a thermometer and a reflux condenser. 0.022 g (0.1 mmol) of 
palladium (II) acetate, 0.721 g (7.5 mmol) of 
sodium-tert-butoxide and 5 ml of tetrahydrof uran were weighed 
in the flask, followed by stirring. Further, 0.058 g (0.1 
5 mmol) of tri-tert-butylphosphonium tetra-para-tolylborate 
obtained in Example B-3 was weighed in air and added into the 
flask. The flask was purged with argon, followed by stirring 
at 22°C for 30 minutes. 0.563 g (5 mmol) of chlorobenzene was 
added, followed by stirring at 22 °C for 30 minutes. 0.738 g 

10 . (5.5 mmol) of propiophenone was added, followed by stirring 
at 70°C for 6 hours. After the completion of the reaction, 
2 . 5 ml of water was added, followed by separation. The organic 
phase was purified by column chromatography to afford 0.810 
g of 1 , 2-diphenyl-l-propanone (yield: 77 mol% based on 

15 chlorobenzene) . The identification of the product was made 
by mass spectroscopy, 1 H-NMR and 13 C-NMR. 

(1) Mass spectrum [EI mode] M/Z 210 (M + ) 

(2) 1 H-NMR spectrum (6 in CDC1 3 ) 



1.54 ppm (d, J=6.8 Hz, 3H, 



H 3 C) 



20 



4.70 ppm (q, J=6.8 Hz, 1H, 



HC) 



7.17-7.23 ppm (m, 1H, Ph) 



7.29-7.30 ppm (m, 4H, Ph) 



7.37-7.40 ppm (m, 2H, Ph) 



7.48 ppm (t, J=7.3 Hz, 1H, 



Ph) 
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7.95 ppm (d, J=7.3 Hz, 2H, Ph) 
(3) 13 C-NMR spectrum (5 in CDC1 3 ) 

19.6, 47.9, 127.0, 127.8, 128.5, 128.8, 129.0, 132.3, 
136.5, 141.6, 200.3 ppm 

[Example B-40] [Similar to Example A-22] 

Synthesis of 1 , 2-diphenyl-l-propanone from bromobenzene and 
propiophenone 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.011 g (0.05 mmol) of 
palladium (II) acetate, 1.442 g (15 mmol) of 

sodium-tert-butoxide and 10 ml of tetrahydrof uran were weighed 
in the flask, followed by stirring. Further, 0.029 g (0.05 
mmol) of tri-tert-butylphosphonium tetra-para-tolylborate 
obtained in Example B-3 was weighed in air and added into the 
flask. The flask was purged with argon, followed by stirring 
at 25°C for 30 minutes. 1.570 g (10 mmol) of bromobenzene was 
added, followed by stirring at 25°C for 30 minutes. 1 .476 g 
(11 mmol) of propiophenone was added, followed by stirring at 
25°C for 17 hours. After the completion of the reaction, 5 
ml of water was added, followed by separation. The organic 
phase was purified by column chromatography to afford 2.061 
g of 1, 2-diphenyl-l-propanone (yield: 98 mol% based on 
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bromobenzene) . The identification of the product was made by 
mass spectroscopy, X H-NMR and 13 C-NMR. 

(1) Mass spectrum [EI mode] M/Z 210 (M + ) 

(2) 1 H-NMR spectrum (5 in CDC1 3 ) 

1.54 ppm (d, J=6.8 Hz, 3H, H 3 C) 
4.70 ppm (q, J=6.8 Hz, 1H, HC) 
7.17-7.23 ppm (m, 1H, Ph) 
7.29-7.30 ppm (m, 4H, Ph) 
7.37-7.40 ppm (m, 2H, Ph) 
7.48 ppm (t, J=7.3 Hz, 1H, Ph) 
7.95 ppm (d, J=7.3 Hz, 2H, Ph) 

(3) 13 C-NMR spectrum (5 in CDC1 3 ) 

19.6, 47.9, 127.0, 127.8, 128.5, 128.8, 129.0, 132.3, 

136.5, 141.6, 200.3 ppm 

[Example B-41] [Similar to Example A-23] 

Synthesis of di-tert-butylphenyl malonate from chlorobenzene 
and di-tert-butyl malonate 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 0.013 g (0.06 mmol) of 
palladium (II) acetate, 0.317 g (3.3 mmol) of 
sodium-tert-butoxide and 9 ml of dioxane were weighed in the 
flask, followed by stirring. Further, 0.035 g (0.06 mmol) of 
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tri-tert-butylphosphonium tetra-para-tolylborate obtained in 
Example B-3 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 25°C for 
30 minutes. 0.338 g (3 mmol) of chlorobenzene was added, 
5 followed by stirring at 25°C for 30 minutes . 0.714 g (3.3 mmol) 
of di-tert-butyl malonate was added, followed by stirring at 
100°C for 12 hours. After the completion of the reaction, 9 
ml of tetrahydrof uran and 9 ml of water were added, followed 
by separation. The organic phase was purified by column 
10 chromatography to afford 0.744 g of di-tert-butylphenyl 
malonate (yield: 85 mol% based on chlorobenzene) . The 
identification of the product was made by 1 H-NMR and 13 C-NMR. 

(1) 1 H-NMR spectrum (5 in CDC1 3 ) 

1.47 ppm (s, 18H, H 3 C) 
15 4.44 ppm (s, 1H, HC) 

7.33-7.40 ppm (m, 5H, Ph) 

(2) 13 C-NMR spectrum (5 in CDC1 3 ) 

27.9, 60.1, 81.9, 127.8, 128.4, 129.3, 133.5, 167.4 ppm 
[Example B-42] [Similar to Example A-24] 
2 0 Synthesis of ethyl-2-phenylcyanoacetate from chlorobenzene 
and ethyl cyanoacetate 

(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 30-ml four-necked flask was equipped with a stirrer, 
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a thermometer and a reflux condenser. 0.022 g (0.1 mmol) of 
palladium (II) acetate, 2.459 g {15 mmol) of sodium phosphate 
and 15 ml of toluene were weighed in the flask, followed by 
stirring. Further, 0.116 g (0.2 mmol) of ' 

tri-tert-butylphosphonium tetra-para-tolylborate obtained in 

Example B-3 was weighed in air and added into the flask. The 

i 

flask was purged with argon, followed by stirring at 25°C for 
30 minutes. 0.563 g (5 mmol) of chlorobenzene was added, 
followedby stirring at 25°C for 30minutes. 0. 622 g (5.5 mmol) 
of ethyl cyanoacetate was added, followed by stirring at 100°C 
for 12 hours. After the completion of the reaction, 5 ml of 
water was added, followed by separation. The organic phase 
was purified by column chromatography to afford 0.502 g of 
ethyl-2-phenylcyanoacetate (yield: 53 mol% based on 
chlorobenzene) . The identification of the product was made 
by mass spectroscopy, 1 H-NMR and 13 C-NMR. 

(1) Mass spectrum [EI mode] M/Z 189 (M + ) 

(2) 1 H-NMR spectrum (6 in CDC1 3 ) 

1.29 ppm (t, J=7.2 Hz, 3H, H 3 C) 
4.21-4.29 ppm (m, 2H, H 2 C) 
4.73 ppm (s, 1H, HC) 
7.42-7.49 ppm (m, 5H, Ph) 

(3) 13 C-NMR spectrum (6 in CDC1 3 ) 

13.9, 43.7, 63.3, 115.7, 127.9, 129.2, 129.3, 130.0, 
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165 . 0 ppm 

[Example B-43] [Similar to Example A-25] 
Synthesis of triphenylamine from chlorobenzene and 
diphenyl amine 
5 (Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 100-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 5.403 g (48 itunol) of 
chlorobenzene, 6.769 g (40 minol) of diphenylamine, 4.613 g (48 

10 mmol) of sodium-tert-butoxide, 0.002 g (0.01 mmol) of 

palladium (II) acetate and 5 ml of xylene were weighed in the 
flask, followed by stirring. Further, 0.023 g (0.04 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate obtained in 
Example B-3 was weighed in air and added into the flask. The 

15 flask was purged with argon, followed by stirring at 100-120°C 
for 10 hours. After the completion of the reaction, 45 ml of 
xylene and 50 ml of saturated sodium chloride solution were 
added, followed by separation. The organic phase was purified 
by column chromatography to afford 9.028 g of triphenylamine 

20 (yield: 92 mol% based on diphenylamine) . The melting point 
was 125-126°C. 

[Example B-44] [Similar to Example A-26] 
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Synthesis of tert-butyl-2-methylphenyl ether from 
2-chlorotoluene and sodium-tert-butoxide 
(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 
5 A 100-ml four-necked flask was equipped with a stirrer, 

a thermometer and a reflux condenser. 6.330 g (50 mmol) of 
2-chlorotoluene, 5.766 g (60 mmol) of sodium-tert-butoxide, 
0.112 g (0.5 mmol) of palladium (II) acetate and 50 ml of xylene 
were weighed in the flask, followed by stirring. Further, 

10 0.8 68 g (1.5 mmol) of tri-tert-butylphosphonium 

tetra-para-tolylborate obtained in Example B-3 was weighed in 
air and added into the flask. The flask was purged with argon, 
followed by stirring at 125°C for 3 hours. After the 
completion of the reaction, 10 ml of water was added, followed 

15 by separation. The organic phase was purified by distillation 
to afford 7.720 g of tert-butyl-2-methylphenyl ether (yield: 
94 mol% based on 2-chlorotoluene) . The boiling point was 
75°C/9 Torr. 

[Example B-45] [Similar to Example A-27] 
20 Synthesis of 2-methoxy-4 , 2 ' -dimethylphenyl ether from 
2-chlorotoluene and 2-methoxy-4-methylphenol 
(Synthesis in which tri-tert-butylphosphonium 
tetra-para-tolylborate was handled in air) 

A 200-ml four-necked flask was equipped with a stirrer, 
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a thermometer and a reflux condenser. 1.920 g (48 mmol) of 
60 wt% sodium hydride and 50 ml of toluene were weighed in the 
flask. The flask was purged with argon, followed by stirring. 
6.632 g (48 mmol) of 2-methoxy-4-methylphenol was added, 
5 followed by stirring at 25°C for 30 minutes. Further, 5.064 
g (40 mmol) of 2-chlorotoluene and 0.449 g (2 mmol) of palladium 
(II) acetate were added, followed by stirring . Further, 1.157 
g (2 mmol) of tri-tert-butylphosphonium 

tetra-para-tolylborate obtained in Example B-3 was weighed in 
10 air and added into the flask, followed by stirring at 104°C 

for 9 hours. After the completion of the reaction, 50 ml of 

saturated sodium chloride solution was added, followed by 

separation. The organic phase was purified by column 

chromatography to afford 6.849 g of 
15 2-methoxy-4,2'-dimethylphenyl ether (yield: 75 mol% based on 

2-chlorotoluene) . The identification of the product was made 

by mass spectroscopy, 1 H-NMR and 13 C-NMR. 

(1) Mass spectrum [EI mode] M/Z 228 (M + ) 

(2) 1 H-NMR spectrum (5 in CDCI3) 
20 2.32 ppm (s, 3H, H 3 C) 

2.34 ppm (s, 3H, H 3 C) 

3.84 ppm (s, 3H, H 3 CO) 

6.68-6.81 ppm (m, 4H, ring proton) 

6.95-7.22 ppm (m, 3H, ring proton) 
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(3) 13 C-NMR spectrum (5 in CDC1 3 ) 

16.2, 21.2, 56.0, 113.7, 117.1, 117.2, 119.3, 121.3, 
122.8, 126.8, 131.1, 133.7, 143.8, 150.5, 155.8 ppm 
[Example B-46] 

Production of tricyclopentylphosphonium tetraphenylborate 
A 200-ml four-necked flask sufficiently purged with 
nitrogen was equipped with a stirrer, a thermometer and a reflux 
condenser. 5.5 g (40 mmol) of trichlorophosphine and 4 0.0 ml 
of tetrahydrof uran were weighed in the flask. A 
cyclopentylmagnesium chloride solution was added dropwise to 
the flask at an internal temperature of 10-20°C over a period 
of 3 hours, wherein the solution had been previously prepared 
from 13.8 g (132 mmol) of cyclopentyl chloride and 3.2 g (132 
mmol) of metallic magnesium in 49 g of tetrahydrof uran . The 
mixture was stirred at 20-30°C for 2 hours . Gas chromatography 
analysis confirmed the disappearance . of trichlorophosphine. 
After the completion of the reaction, 61 ml of toluene was added, 
and 11.8 g (6 mmol) of 5% sulfuric acid was added dropwise to 
dissolve the magnesium salt, followed by separation. The 
organic phase was washed with 11.8 ml of water, and a solution 
of tricyclopentylphosphine was obtained. 
[0186] 

A 100-ml four-necked flask sufficiently purged with 
argon was equipped with a stirrer, a thermometer and a reflux 



SF-1113 



213 



condenser. The solution of tricyclopentylphosphine prepared 
above was weighed in the flask, to which 8 . 0 ml (40 mmol) of 
5N hydrochloric acid was added, followed by stirring at 25°C 
for 1 hour. The organic phase was analyzed by gas 
5 chromatography, which confirmed the disappearance of 
tricyclopentylphosphine. After the completion of the 
reaction, the liquid was separated and the. aqueous phase was 
washed with 8.0 ml of heptane. The aqueous phase was assumed 
to contain tricyclopentylphosphine hydrochloride dissolved 
10 therein. 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 15.1 g (44 mmol) of 
sodium tetraphenylborate and 60 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 

15 tetraphenylborate. While the stirring was continuously 

carried out, the aqueous solution of tricyclopentylphosphine 
hydrochloride previously obtained was added to the solution, 
and the mixture was stirred at 25°C for 3 hours. After the 
completion of the reaction, the precipitated product was 

20 filtered off. The so obtained crystal was suspended in 100 
ml of toluene at 50°C, and the suspension was cooled to 25°C 
and filtered. The product filtered off was washed with 100 
ml of toluene. The crystal was then suspended in 100 ml of 
methanol at 50°C, and the suspension was cooled to 25°C and 
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filtered. The product filtered off was washed with 100 ml of 
methanol. The crystal obtained was dried to give 16.8 g of 
objective tricyclopentylphosphonium tetraphenylborate as 
white crystal. The yield (mol%) was 75% based on 
5 tr ichlorophosphine . 
[0187] 

The crystal was analyzed by the methods indicated below 
and was identified to be tricyclopentylphosphonium 
tetraphenylborate. The analytical values and properties were 
10 as follows. 

(1) Melting point: 178-187°C (decomposition) 

(2) IR spectrum (KBr) 2359 cm" 1 

(3) 1 H-NMR spectrum (5 in DMS0-d6) 

1.18-1.77 ppm (m, 24H, cyclopentyl secondary) 
15 2.43-2.56 ppm (m, 3H, cyclopentyl tertiary) 

5.76 ppm (brd, 1H, J=470.6 Hz, H-P) 

6.79 ppm (t, 4H, J- 7 .34 Hz, Ph-B) 

6.93 ppm (t, 8H, J=7.34 Hz, Ph-B) 

7.19 ppm (brs, 8H, Ph-B) 
20 (4) 13 C-NMR spectrum (5 in DMSO-d6) 

25.6 ppm (d, J=13.1 Hz, cyclopentyl secondary) 

26.8 ppm (d, J=39.8 Hz, cyclopentyl tertiary) 

27.0 ppm (d, J=3 . 1 Hz, cyclopentyl secondary) 

121.4 ppm (s, Ph-B) 
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125.2 ppm (dd, J=3.1 Hz, 5.6 Hz/ Ph-B) 
135.5 ppm (d, J=1.2 Hz, Ph-B) 

163.3 ppm (dd, J=49.1 Hz, 98.8 Hz, Ph quaternary-B) 
[Example B-47] 

5 Production of n-butyldicyclohexylphosphonium 
tetraphenylborate 

A 100-ml four-necked flask sufficiently purged with 
nitrogen was equipped with a stirrer, a thermometer and a reflux 
condenser. 9.3 g (40mmol) of dicyclohexylphosphinas chloride 

10 and 7.2 ml of tetrahydrof uran were weighed in the flask. A 
n-butylmagnesium chloride solution was added dropwise to the 
flask at an internal temperature of 10-20°C over a period of 
1 hour, wherein the solution had been previously prepared from 
4.8 g (52 mmol) of n-butyl chloride and 1.3 g (52 mmol) of 

15 metallic magnesium in 20 g of tetrahydrof uran . The mixture 
was stirred at 20-30°C for 2 hours. Gas chromatography 
analysis confirmed the disappearance of 

dicyclohexylphosphinas chloride. After the completion of the 
reaction, 26 ml of toluene was added, and 11.8 g (6 mmol) of 
20 5% sulfuric acid was added dropwise to dissolve the magnesium 
salt, followed by separation. The organic phase was washed 
with 11.8 ml of water, and a solution of 
n-butyldicyclohexylphosphine was obtained. 
[0188] 
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A 100-ml four-necked flask sufficiently purged with 
argon was equipped with a stirrer, a thermometer and a reflux 
condenser. The solution of n-butyldicyclohexylphosphine 
prepared above was weighed in the flask, to which 8 . 0 ml (40 
5 raitiol) of 5N hydrochloric acid was added, followed by stirring 
at 25°C for 1 hour. The organic phase was analyzed by gas 
chromatography, which confirmed the disappearance of 
n-butyldicyclohexylphosphine. After the completion of the 
reaction, the liquid was separated and the aqueous phase was 

10 washed with 8.0 ml of heptane. The aqueous phase was assumed 
to contain n-butyldicyclohexylphosphine hydrochloride 
dissolved therein. 

A 300-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 15.1 g (44 mmol) of 

15 sodium tetraphenylborate and 60 ml of water were weighed in 
the flask, followed by stirring to dissolve sodium 
tetraphenylborate. While the stirring was continuously 
carried out, the aqueous solution of 

n-butyldicyclohexylphosphine hydrochloride previously 
20 obtained was added to the solution, and the mixture was stirred 
at 25°C for 3 hours. After the completion of the reaction, 
the precipitated product was filtered off. The so obtained 
crystal was suspended in 100 ml of toluene at 50 °C, and the 
suspension was cooled to 25°C and filtered. The product 
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filtered off was washed with 100 ml of toluene. The crystal 
was then suspended in 100 ml of methanol at 50 °C, and the 
suspension was cooled to 25°C and filtered. The product 
filtered off was washed with 100 ml of methanol. The crystal 
5 obtained was dried to give 17.2 g of objective 

n-butyldicyclohexylphosphonium tetraphenylborate as white 
crystal. The yield (mol%) was 75% based on 
dicyclohexylphosphinas chloride. 
[0189] 

10 The crystal was analyzed by the methods indicated below 

and was identified to be n-butyldicyclohexylphosphonium 
tetraphenylborate. The analytical values and properties were 
as follows. 

(1) Melting point: 175-180°C (decomposition temperature) 
15 (2) IR spectrum (KBr) 2359 cm" 1 

(3) 1 H-NMR spectrum (5 in DMSO-d6) 

0.93 ppm (t, 3H, J=7.34 Hz, H 3 C- (CH 2 ) 3 -P) 
1.17-1.89 ppm (m, 24H, cyclohexyl secondary, 

H 3 C- (CH 2 J_ 3 -P) 

20 2.28-2.56 ppm (m, 4H, cyclohexyl tertiary, H 3 C- (CH 2 _)_ 3 -P) 

5.34-7.18 ppm (brd, 1H, H-P) 
6.79 ppm (t, 4H, J=7.15 Hz, Ph-B) 
6.92 ppm (t, 8H, J=7.15 Hz, Ph-B) 
7.19 ppm (brs, 8H, Ph-B) 
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(4) 13 C-NMR spectrum (5 in DMS0-d6) 
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[Example B-48] 

Synthesis of triphenylamine from bromobenzene and 
diphenyl amine 

(Synthesis in which n-butyldicyclohexylphosphonium 
tetraphenylborate was handled in air) 

A 100-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 7.53 6 g (48 mmol) of 
bromobenzene, 6.769 g (40 mmol) of diphenylamine, 4.613 g (48 
mmol) of sodium-tert-butoxide, 0.090 g (0.40 mmol) of 
palladium (II) acetate and 5 ml of xylene were weighed in the 
flask, followed by stirring. Further, 0.690 g (1.20 mmol) of 



n-butyldicyclohexylphosphonium tetraphenylborate obtained in 
Example B-47 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 125°C for 
4 hours. After the completion of the reaction, 45 ml of xylene 
and 50 ml of saturated sodium chloride solution were added, 
followed by separation. The organic phase was purified by 
column chromatography to afford 8.345 g of triphenylamine 

(yield: 85 mol% based on diphenylamine) . The melting point 
was 125-126°C. 

[Example B-49] 

Synthesis of triphenylamine from bromobenzene and 
diphenylamine 

(Synthesis in which di-tert-butylphenylphosphonium 
tetraphenylborate was handled in air) 

A 100-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 7.536 g (48 mmol) of 
bromobenzene, 6.769 g (40 mmol) of diphenylamine, 4.613 g (48 
mmol) of sodium- tert-butoxide, 0.009 g (0.04 mmol) of 
palladium (II) acetate and 5 ml of xylene were weighed in the 
flask, followed by stirring. Further, 0.065 g (0.12 mmol) of 
di-tert-butylphenylphosphonium tetraphenylborate obtained in 
Example B-9 was weighed in air and added into the flask. The 
flask was purged with argon, followed by stirring at 125°C for 
4 hours. After the completion of the reaction, 45 ml of xylene 
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and 50 ml of saturated sodium chloride solution were added, 
followed by separation. The organic phase was purified by 
column chromatography to afford 9.028 g of triphenylamine 

(yield: 92 mol% based on diphenylamine) . The melting point 
was 125-126°C. 

[Example B-50] 

Synthesis of triphenylamine from bromob enzene and 
diphenylamine 

(Synthesis in which 2-biphenylyl-di-tert-butylphosphonium 
tetraphenylborate was handled in air) 

A 100-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser. 7.53 6 g (48 mmol) of 
bromobenzene, 6.769 g (40 mmol) of diphenylamine, 4.613 g (48 



mmo 



1) of sodium- tert-butoxide, 0.009 g (0.04 mmol) of 



palladium (II) acetate and 5 ml of xylene were weighed in the 
flask, followed by stirring. Further, 0.074 g (0.12 mmol) of 
2-biphenylyl-di-tert-butylphosphonium tetraphenylborate 
obtained in Example B-10 was weighed in air and added into the 
flask. The flask was purged with argon, followed by stirring 
at 125°C for 4 hours. After the completion of the reaction, 
45 ml of xylene and 50 ml of saturated sodium chloride solution 
were added, followed by separation. The organic phase was 
purified by column chromatography to afford 8.537 g of 
triphenylamine (yield: 87 mol% based on diphenylamine) . The 
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melting point was 125-126°C. 
[Example B-51] 

Synthesis- of triphenylamine from bromobenzene and 
diphenyl amine 

5 (Synthesis in which di-tert-butyl-l-naphthylphosphonium 
tetraphenylborate was handled in air) 

A 100-ml four-necked flask was equipped with a stirrer, 
a thermometer and a reflux condenser, 7.536 g (48 mmol) of 
bromobenzene/ 6.769 g (40 mmol) of diphenylamine, 4.613 g (48 

10 mmol) of sodium-tert-butoxide, 0.009 g (0.04 mmol) of 

palladium (II) acetate and 5 ml of xylene were weighed in the 
flask, followed by stirring. . Further, 0.071 g (0.12 mmol) of 
di-tert-butyl-l-naphthylphosphonium tetraphenylborate 
obtained in Example B-ll was weighed in air and added into the 

15 flask. The flask was purged with argon, followed by stirring 
at 125°C for 4 hours. After the completion of the reaction, 
45 ml of xylene and 50 ml of saturated sodium chloride solution 
were added, followed by separation. The organic phase was 
purified by column chromatography to afford 8.341 g of 

20 triphenylamine (yield: 85 mol% based on diphenylamine) . The 
melting point was 125-126°C. 
[Comparative Example 1] 
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Synthesis of 1-phenylheptane from n-heptyl bromide and 
phenylboronic acid 

(Synthesis in which di-tert-butylmethylphosphine was handled 
in argon) 

5 The procedures in Example B-18 were repeated except that 

0.240 g (0.5 mmol) of di-tert-butylmethylphosphonium 
tetraphenylborate of Example B-18 was replaced with 0.080 g 
(0.5 mmol) of di-tert-butylmethylphosphine, and except that 
the procedures were carried out in a glove box in which an argon 
10 atmosphere was strictly maintained. Consequently, 0.749 g of 
1-phenylheptane was obtained (yield: 85 mol% based on n-heptyl 
bromide) . The identification of the product was made by mass 
spectroscopy. 
[0190] 

15 Mass spectrum [EI mode] M/Z 176 (M + ) 

[Comparative Example 2] 

Synthesis of 1-phenylheptane from n-heptyl bromide and 
phenylboronic acid 

(Synthesis in which di-tert-butylmethylphosphine was handled 
20 in air) 

The procedures in Example B-18 were repeated except that 
0.240 g (0.5 mmol) of di-tert-butylmethylphosphonium 
tetraphenylborate of Example B-18 was replaced with 0.080 g 
(0.5 mmol) of di-tert-butylmethylphosphine. 
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Di-tert-butylmethylphosphine generated white smoke while 
being handled in air. Little 1-phenylheptane formed. 
[Comparative Example 3] 

Synthesis of 2-ortho-tolylpyridine from 2-chloropyridine and 
5 ortho-tolylboronic acid 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-5 or B-21 were repeated 
except that 0.02 6 g (0.05 mmol) of tri-tert-butylphosphonium 

10 tetraphenylborate of Example A-5 or 0.029 g (0.05 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-21 was replaced with 0.010 g (0.05 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 

15 strictly maintained. Consequently, 0.694 g of 

2-ortho-tolylpyridine was obtained (yield: 82 mol% based on 
2-chloropyridine) . The identification of the product was made 
by mass spectroscopy. 
[0191] 

20 Mass spectrum [EI mode] M/Z 169 (M + ) 

[Comparative Example 4] 

Synthesis of 2-ortho-tolylpyridine from 2-chloropyridine and 



ortho-tolylboronic acid 

(Synthesis in which tri-tert-butylphosphine was handled in 
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air) 

The procedures in Example A-5 or B-21 were repeated 
except that 0.026 g (0.05 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-5 or 0.029 g (0.05 mmol) of 
5 tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-21 was replaced with 0.010 g (0.05 mmol) of 
tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
2-ortho-tolylpyridine formed . 
10 [Comparative Example 5] 

Synthesis of 1-phenylheptane from n-heptyl bromide and 
phenylmagnesium chloride 

(Synthesis in which di-tert-butylmethylphosphine was handled 
in argon) 

15 The procedures in Example B-22 were repeated except that 

0.096 g (0.2 mmol) of di-tert-butylmethylphosphonium 
tetraphenylborate of Example B-22 was replaced with. 0.032 g 
(0.2 mmol) of di-tert-butylmethylphosphine, and except that 
the procedures were carried out in a glove box in which an argon 

20 atmosphere was strictly maintained . Consequently, 2-992 g of 
1-phenylheptane was obtained (yield: 85 mol% based on n-heptyl 
bromide) . The identification of the product was made on the 
basis of a mass spectrum, which was in agreement with that of 
Example B-22. 



SF-1113 



225 



[Comparative Example 6] 

Synthesis of 1-phenylheptane from n-heptyl b romide and 
phenylmagnesium chloride 

(Synthesis in which di- tert-butylmethylphosphine was handled 
5 in air) 

The procedures in Example B-22 were repeated except that 
0.09 6 g (0.2 mmol) of di-tert-butylmethylphosphonium 
tetraphenylborate of Example B-22 was replaced with 0.032 g 
(0.2 mmol) of di-tert-butylmethylphosphine . 
10 Di-tert-butylmethylphosphine generated white smoke while 
being handled in air. Little 1-phenylheptane formed. 
[Comparative Example 7] 

Synthesis of 4-methylbiphenyl from 4-bromotoluene and 
phenylmagnesium chloride 
15 (Synthesis in which tri-tert-butylphosphine was handled in 

argon) 

The procedures in Example A- 6 or B-23 were repeated 
except that 0.084 g (0.16 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-6 or 0.093 g (0.16 mmol) of 
20 tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-23 was replaced with 0.032 g (0.16 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 1.184 g of 
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4-methylbiphenyl was obtained (yield: 88 mol% based on 
4-bromotoluene) . The identification of the product was made 
on the basis of a mass spectrum, which was in agreement with 
that of Example A-6 or B-23. 
[Comparative Example 8] 

Synthesis of 4-methylbiphenyl from 4-bromotoluene and 
phenylmagnesium chloride 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

The procedures in Example A-6 or B-23 were repeated 
except that 0.084 g (0.16 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-6 or 0.093 g (0.16 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-23 was replaced with 0.032 g (0.16 mmol) of 
tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
4 -me thy lbiphenyl formed . 
[Comparative Example 9] 

Synthesis of 4-vinylbiphenyl from bromobenzene and 
4-vinylphenylmagnesium chloride 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-7 or B-24 were repeated 
except that 0.314 g (0.6 mmol) of tri-tert-butylphosphonium 
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tetraphenylborate of Example A- 7 or 0.347 g (0.6 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-24 was replaced with. 0.121 g (0.6 mmol) of 

tri-tert-butylphosphine, and except that the procedures were 
5 carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 4.434 g of 
4-vinylbiphenyl was obtained (yield: 82 moll based on 
bromobenzene) . The identification of the product was made on 
the basis of a mass spectrum, which was in agreement with that 
10 of Example A- 7 or B-24. 
[Comparative Example 10] 

Synthesis of 4-vinylbiphenyl from bromobenzene and 
4-vinylphenylmagnesium chloride 

(Synthesis in which tri-tert-butylphosphine was handled in 
15 air) 

The procedures in Example A-7 or B-24 were repeated 
except that 0.314 g (0.6 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-7 or 0.347 g (0.6 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
20 B-24 was replaced with 0.121 g (0.6 mmol) of 

tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
4-vinylbiphenyl formed. 
[Comparative Example 11] 
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Synthesis of 1-phenylheptane from n-heptyl chloride and 
phenylmagnesium chloride 

(Synthesis in which tricyclohexylphosphine was handled in 
argon) 

5 The procedures in Example A-8 or B-25 were repeated 

except that 0.072 g (0.12 mmol) of tricyclohexylphosphonium 
tetraphenylborate of Example A-8 or 0.079 g (0.12 mmol) of 
tricyclohexylphosphonium tetra-para-tolylborate of Example 
B-25 was replaced with 0.034 g (0.12 mmol) of 

10 tricyclohexylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.434 g of 
1-phenylheptane was obtained (yield: 82 mol% based on n-heptyl 
chloride) . The identification of the product was made on the 

15 basis of a mass spectrum, which was in agreement with that of 
Example A-8 or B-2 5. 
[Comparative Example 12] 

Synthesis of 1-phenylheptane from n-heptyl chloride and 
phenylmagnesium chloride 
20 (Synthesis in which tricyclohexylphosphine was handled in air) 

The procedures in Example A-8 or B-25 were repeated 
except that 0.072 g (0.12 mmol) of tricyclohexylphosphonium 
tetraphenylborate of Example A-8 or 0.079 g (0.12 mmol) of 
tricyclohexylphosphonium tetra-para-tolylborate of Example 



SF-1113 

229 

B-25 was replaced with 0.034 g (0.12 mmol) of 
tricyclohexylphosphine . Tricyclohexylphosphine generated 
white smoke while being handled in air. Little 
1-phenylheptane formed . 
5 [Comparative Example 13] 

Synthesis of 4-cyanobiphenyl from 4-chlorobenzonitri le and 
phenyl zinc chloride 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

10 The procedures in Example A-9 or B-26 were repeated 

except that 0.105 g (0.2 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-9 or 0.116 g (0.2 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-26 was replaced with 0.040 g (0.2 mmol) of 

15 tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.672 g of 
4-cyanobiphenyl was obtained (yield: 75 mol% based on 
4-chlorobenzonitrile) . The identification of the product was 

20 made on the basis of a mass spectrum, which was in agreement 
with that of Example A-9 or B-26. 
[Comparative Example 14] 
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Synthesis of 4-cyanobiphenyl from 4-chlorobenzonitrile and 
phenyl zinc chloride 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

The procedures in Example A-9 or B-2 6 were repeated 
except that 0.105 g (0.2 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-9 or 0.116 g (0.2 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-26 was replaced with 0.040 g (0.2 mmol) of 

tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
4-cyanobiphenyl formed . 
[Comparative Example 15] 

Synthesis of 1-phenylheptane from chlorobenzene and 
n-heptylzinc chloride 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-10 or B-27 were repeated 
except that 0.105 g (0.2 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-10 or 0.116 g (0.2 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-27 was replaced with 0.040 g (0.2 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
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strictly maintained. Consequently, 0.688 g of 
1-phenylheptane was obtained (yield: 78 mol% based on 
chlorobenzene) . The identification of the product was made 
on the basis of a mass spectrum, which was in agreement with 
that of Example A-10 or B-27 . 
[Comparative Example 16] 

Synthesis of 1-phenylheptane from chlorobenzene and 
n-heptylzinc chloride 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

The procedures in Example A-10 or B-27 were repeated 
except that 0.105 g (0.2 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-10 or 0.116 g (0.2 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-27 was replaced with 0.040 g (0.2 mmol) of 

tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
1-phenylheptane formed . 
[Comparative Example 17] 

Synthesis of 1-phenylheptane from n-heptyl bromine and 
trimethoxyphenylsilane 

(Synthesis in which di-tert-butylmethylphosphine was handled 
in argon) 

The procedures in Example B-28 were repeated except that 
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0. 096 g (0.2 mmol) of di-tert-butylmethylphosphonium 
tetraphenylborate of Example B-28 was replaced with 0.032 g 
(0.2 mmol) of di-tert-butylmethylphosphine, and except that 
the procedures were carried out in a glove box in which an argon 
5 atmosphere was strictly maintained. Consequently, 0.300 g of 
1-phenylheptane was obtained (yield: 85 mol% based on n-heptyl 
bromide) . The identification of the product was made on the 
basis of a mass spectrum, which was in agreement with that of 
Example B-2 8. 
10 [Comparative Example 18] 

Synthesis of 1-phenylheptane from n-heptyl bromine and 
trimethoxyphenylsilane 

(Synthesis in which di-tert-butylmethylphosphine was handled 
in air) 

15 The procedures in Example B-28 were repeated except that 

0.096 g (0.2 mmol) of di-tert-butylmethylphosphonium 
tetraphenylborate of Example B-28 was replaced with 0.032 g 
(0.2 mmol) of di-tert-butylmethylphosphine . 
Di-tert-butylmethylphosphine generated white smoke while 

20 being handled in air. Little 1-phenylheptane formed. 
[Comparative Example 19] 

Synthesis of 2-methylbiphenyl from 2-chlorotoluene and 
tri-n-butylphenyltin 

(Synthesis in which tri-tert-butylphosphine was handled in 
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argon) 

The procedures in Example A-ll or B-29 were repeated 
except that 0.418 g (0.8 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-ll or 0.4 63 g (0.8 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-29 was replaced with 0.162 g (0.8 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.513 g of 
2-methylbiphenyl was obtained (yield: 76 mol% based on 
2-chlorotoluene) . The identification of the product was made 
on the basis of a mass spectrum, which was in agreement with 
that of Example A-ll or B-29. 
[Comparative Example 20] 

Synthesis of 2-methylbiphenyl from 2-chlorotoluene , and 
tri-n-butylphenyltin 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

The procedures in Example A-ll or B-29 were repeated 
except that 0.418 g (0.8 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-ll or 0.463 g (0.8 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-29 was replaced with 0.162 g (0.8 mmol) of 
tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
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white smoke while being handled in air. Little 
2-methylbiphenyl formed . 
[Comparative Example 21] 

Synthesis of 2-methylbiphenyl from 2-bromotoluene and 
5 tri-n-butylphenyltin 

(Synthesis in which tri-tert-butylphosphine was handled in 

argon) 

The procedures in Example A-12 or B-30 were repeated 
except that 0.418 g (0.8 mmol) of tri-tert-butylphosphonium 
10 tetraphenylborate of Example A-12 or 0.463 g (0.8 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-30 was replaced with 0.162 g (0.8 mmol) of 

tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 

15 strictly maintained. Consequently, 0.472 g of 

2-methylbiphenyl was obtained (yield: 70 mol% based on 
2-bromotoluene) . The identification of the product was made 
on the basis of a mass spectrum, which was in agreement with 
that of Example A-12 or B-30. 

20 [Comparative Example 22] 

Synthesis of 2-methylbiphenyl from 2-bromotoluene and 
tri-n-butylphenyltin 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 
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The procedures in Example A-12 or B-30 were repeated 
except that 0.418 g (0.8 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-12 or 0.463 g (0.8 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
5 B-30 was replaced with 0.162 g (0.8 mmol) of 

tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
2-methylbiphenyl formed. 
[Comparative Example 23] 
10 Synthesis of (E) -3- (4-dimethylaminophenyl) -2-methylacrylic 
acid methyl ester from 4-dimethylaminobromobenzene and methyl 
methacrylate 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

15 The procedures in Example A-13 or B-31 were repeated 

except that 0.026 g (0.05 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-13 or 0.029 g (0.05 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-31 was replaced with 0.010 g (0.05 mmol) of 

20 tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.944 g of 
(E) -3- (4-dimethylaminophenyl) -2-methylacrylic acid methyl 
ester was obtained (yield: 86 mol% based on 
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4-dimethylaminobromobenzene) . The identification of the 
product was made by 1 H-NMR and 13 C-NMR, and the results were 
in agreement with those of Example A-13 or B-31. 
[Comparative Example 24] 
5 Synthesis of (E) -3- ( 4-dimethylaminophenyl ) -2-methylacrylic 
acid methyl ester from 4-dimethylaminobromobenzene and methyl 
methacrylate 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

10 The procedures in Example A-13 or B-31 were repeated 

except that 0.026 g (0.05 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-13 or 0.029 g (0.05 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-31 was replaced with 0.010 g (0.05 mmol) of 

15 tri-tert-butylphosphine. Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
(E) -3- (4-dimethylaminophenyl) -2-methylacrylic acid methyl 
ester formed. 
[Comparative Example 25] 

2 0 Synthesis of (trans) -4-acetylstilbene from 
4' -chloroacetophenone and styrene 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-14 or B-32 were repeated 
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except that 0.078 g (0.15 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-14 or 0.087 g (0.15 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-32 was replaced with 0.030 g (0.15 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.828 g of 

( trans ) -4-acetylstilbene was obtained (yield: 75 mol% based 
on 4' -chloroacetophenone) . The identification of the product 
was made by mass spectroscopy, 1 H-NMR and 13 C-NMR, and the 
results were in agreement with those of Example A-14 or B-32. 

[Comparative Example 26] 

Synthesis of (trans) -4-acetylstilbene from 
4 f -chloroacetophenone and styrene 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

The procedures in Example A-14 or B-32 were repeated 
except that 0.07 8 g (0.15 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-14 or 0.087 g (0.15 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-32 was replaced with 0.030 g (0.15 mmol) of 
tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
(trans) -4-acetylstilbene formed. 
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[Comparative Example 27] 

Synthesis of (E) -3- (2, 6-dimethylphenyl ) -2-methylacrylic acid 
methyl ester from 2-chloro-meta-xylene and methyl 

i 

methacrylate 

5 (Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-15 or B-33 were repeated 
except that 0.078 g (0.15 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-15 or 0.087 g (0.15 mmol) of 

10 tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-33 was replaced with 0.030 g (0.15 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.776 g of 

15 (E) -3- (2, 6-dimethylphenyl) -2-methylacrylic acid methyl ester 
was obtained (yield: 76 mol% based on 2-chloro-meta-xylene ) . 

* 

The identification of the product was made by 1 H-NMR and 13 C-NMR, 
and the results were in agreement with those of Example A-15 
or B-33. 
20 [Comparative Example 28] 

Synthesis of (E) -3- (2, 6-dimethylphenyl) -2-methylacrylic acid 
methyl ester from 2-chloro-meta-xylene and methyl 
methacrylate 

(Synthesis in which tri-tert-butylphosphine was handled in 
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air) 

The procedures in Example A-15 or B-33 were repeated 
except that 0.078 g (0.15 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-15 or 0.087 g (0.15 mmol) of 

■ 

5 tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-33 was replaced with 0.030 g (0.15 mmol) of 
tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
(E) -3- (2, 6-dimethylphenyl) -2-methylacrylic acid methyl ester 
10 formed. 

[Comparative Example 29] 

Synthesis of diphenylacetylene from bromobenzene and 
phenylacetylene 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-16 or B-34 were repeated 
except that 0.157 g (0.3 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-16 or 0.174 g (0.3 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-34 was replaced with 0.061 g (0.3 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.869 g of 
diphenylacetylene was obtained (yield: 98 moll based on 
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bromobenzene) . The identification of the product was made on 
the basis of a mass spectrum, which was in agreement with that 
of Example A-16 or B-34. 
[Comparative Example 30] 
5 Synthesis of diphenylacetylene from bromobenzene and 
phenyl acetylene 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

The procedures in Example A-16 or B-34 were repeated 
10 except that 0.157 g (0.3 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-16 or 0.174 g (0.3 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-34 was replaced with 0.061 g (0.3 mmol) of 

tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
15 white smoke while being handled in air. Little 
diphenylacetylene formed . 
[Comparative Example 31] 

Synthesis of diphenylacetylene from bromobenzene and 
phenyl acetylene 

20 (Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-17 or B-35 were repeated 
except that 0.157 g (0.3 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-17 or 0.174 g (0.3 mmol) of 
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tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-35 was replaced with 0.061 g (0.3 ramol) of 
tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
5 strictly maintained. Consequently, 0.833 g of 

diphenylacetylene was obtained (yield: 94 mol% based on 
bromobenzene) . The identification of the product was made on 
the basis of a mass spectrum, which was in agreement with that 
of Example A-17 or B-35. 
10 [Comparative Example 32] 

Synthesis of diphenylacetylene from bromobenzene and 
phenylacetylene 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

15 The procedures in Example A-17 or B-35 were repeated 

except that 0.157 g (0.3 mmol) of tri-tert-butylphosphonium 

tetraphenylborate of Example A-17 or 0.174 g (0.3 mmol) of 

tri-tert-butylphosphonium tetra-para-tolylborate of Example 

B-35 was replaced with 0.061 g (0.3 mmol) of 

» 

20 tri-tert-butylphosphine. Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
diphenylacetylene formed . 
[Comparative Example 33] 

Synthesis of 4- [ ( trimethylsilyl) ethynyl]benzaldehyde from 
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4-bromobenzaldehyde and trimethylsilylacetylene 

(Synthesis in which tri-tert-butylphosphine was handled in 

argon) 

The procedures in Example A-18 or B-36 were repeated 
5 except that 0.157 g (0.3 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-18 or 0.174 g (0.3 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-36 was replaced with 0.061 g (0.3 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 

10 carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.894 g of 
4- [ (trimethylsilyl) ethynyl] benzaldehyde was obtained (yield: 
88 mol% based on 4-bromobenzaldehyde) . The identification of 
the product was made by ^-NMR and 13 C-NMR, and the results were 

15 in agreement with those of Example A-18 or B-36. 
[Comparative Example 34] 

Synthesis of 4- [ (trimethylsilyl) ethynyl] benzaldehyde from 
4-bromobenzaldehyde and trimethylsilylacetylene 
(Synthesis in which tri-tert-butylphosphine was handled in 
20 air) 

The procedures in Example A-18 or B-36 were repeated 
except that 0.157 g (0.3 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-18 or 0.174 g (0.3 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
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B-36 was replaced with 0.061 g (0.3 mmol) of 
tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
4-[ (trimethylsilyl) ethynyl] benzaldehyde formed. 
5 [Comparative Example 35] 
Synthesis of 

4- (N, N-dimethylaminophenyl) -2-methyl-3-butyne-2-ol from 
4-bromo-N, N-dimethylaniline and 2-methyl-3-butyne-2-ol 
(Synthesis in which tri-tert-butylphosphine was handled in 
10 argon) 

The procedures in Example A-19 or B-37 were repeated 
except that 0.157 g (0.3 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-19 or 0.174 g (0.3 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 

15 B-37 was replaced with 0.061 g (0.3 mmol) of 

tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.874 g of 
4- (N, N-dimethylaminophenyl) -2-methyl-3-butyne-2-ol was 

20 obtained (yield: 86 mol% based on 

4-bromo-N,N-dimethylaniline) . The identification of the 
product was made by mass spectroscopy, 1 H-NMR and 13 C-NMR, and 
the results were in agreement with those of Example A-19 or 
B-37. 
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[Comparative Example 36] 
Synthesis of 

4- (N/ N-dimethylaminophenyl ) -2 -methyl -3-butyne-2-ol from 
4-bromo-N, N-dimethylaniline and 2-methyl-3-butyne-2-ol 
(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

The procedures in Example A-19 or B-37 were repeated 
except that 0.157 g (0.3 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-19 or 0.174 g (0.3 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-37 was replaced with 0.061 g (0.3 mmol) of 

tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
4- (N, N-dimethylaminophenyl ) -2-methyl-3-butyne-2-ol formed. 
[Comparative Example 37] 

Synthesis of ( 4-f luorophenyl ) -2-methyl-3~butyne-2-ol from 
l-bromo-4-f luorobenzene and 2-methyl-3-butyne-2-ol . 
(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

20 The procedures in Example A-20 or B-38 were repeated 

except that 0.157 g (0.3 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-20 or 0.174 g (0.3 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-38 was replaced with 0.061 g (0.3 mmol) of 



10 



15 
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tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.860 g of 
(4-f luorophenyl) -2-methyl-3-butyne-2-ol was obtained (yield: 
5 97 mol% based on l-bromo-4-f luorobenzene ) . The 

identification of the product was made by 1 H-NMR and 13 C-NMR, 
and the results were in agreement with those of Example A-20 
or B-38. 

[Comparative Example 38] 
10 Synthesis of ( 4-f luorophenyl ) -2-methyl-3-butyne-2-ol from 
l-bromo-4-f luorobenzene and 2-methyl-3-butyne-2-ol 
(Synthesis in which tri-tert-butylphosphine was handled in 

air) 

The procedures in Example A-20 or B-38 were repeated 
15 except that 0.157 g (0.3 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-20 or 0.174 g (0.3 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-38 was replaced with 0.061 g (0.3 mmol) of 
tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
20 white smoke while being handled in air. Little 
(4-f luorophenyl) -2-methyl-3-butyne-2-ol formed. 
[Comparative Example 39] 

Synthesis of 1 , 2-diphenyl-l-propanone from chlorobenzene and 
propiophenone 
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(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-21 or B-39 were repeated 
except that 0.052 g (0.1 mmol) of tri-tert-butylphosphonium 
5 tetraphenylborate of Example A-21 or 0*058 g (0.1 mmol) of 
tri-tert-butylphosphonium tetra-para^tolylborate of Example 
B-39 was replaced with 0.020 g (0.1 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 

10 strictly maintained. Consequently, 0.789 g of 

1, 2-diphenyl-l-propanone was obtained (yield: 75 mol% based 
on chlorobenzene) . The identification of the product was made 
by mass spectroscopy, 1 H-NMR and 13 C-NMR, and the results were 
in agreement with those of Example A-21 or B-39. 

15 [Comparative Example 40] 

Synthesis of 1 , 2-diphenyl-l-propanone from chlorobenzene and 
propiophenone 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

20 The procedures in Example A-21 or B-39 were repeated 

except that 0.052 g (0.1 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-21 or 0.058 g (0.1 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-39 was replaced with 0.020 g (0.1 mmol) of 
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tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
1, 2-diphenyl-l-propanone formed. 
[Comparative Example 41] 
5 Synthesis of 1 , 2-diphenyl-l-propanone from bromobenzene and 
propiophenone 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-22 or B-4 0 were repeated 
10 except that 0.02 6 g (0.05 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-22 or 0.029 g (0.05 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-40 was replaced with 0.010 g (0.05 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 
15 carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 1.998 g of 
1, 2-diphenyl-l-propanone was obtained (yield: 95 mol% based 
on bromobenzene) . The identification of the product was made 
by mass spectroscopy, 1 H-NMR and 13 C-NMR, and the results were 
20 in agreement with those of Example A-22 or B-40. 
[Comparative Example 42] 

Synthesis of 1 , 2-diphenyl-l-propanone from bromobenzene and 
propiophenone 

(Synthesis in which tri-tert-butylphosphine was handled in 
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air) 

The procedures in Example A-22 or B-40 were repeated 
except that 0.02 6 g (0.05 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-22 or 0.029 g (0.05 mmol) of 
5 tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-40 was replaced with 0.010 g (0.05 mmol) of 
tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
1, 2-diphenyl-l-propanone formed. 
10 [Comparative Example 43] 

Synthesis of di-tert-butylphenyl malonate from chlorobenzene 
and di-tert-butyl malonate 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

15 The procedures in Example A-23 or B-41 were repeated 

except that 0.031 g (0.06 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-23 or 0.035 g (0.06 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-41 was replaced with 0.012 g (0.06 mmol) of 

20 tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.746 g of 
di-tert-butylphenyl malonate was obtained (yield: 85 mol% 
based on chlorobenzene) . The identification of the product 
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was made by 1 H-NMR and 13 C-NMR, and the results were in agreement 
with those of Example A-23 or B-41. 
[Comparative Example 44] 

Synthesis of di-tert-butylphenyl malonate from chlorobenzene 
5 and di-tert-butyl malonate 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

The procedures in Example A-23 or B-41 were repeated 
except that 0.031 g (0.06 mmol) of tr i-tert-butylphosphonium 

10 tetraphenylborate of Example A-23 or 0.035 g (0.06 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-41 was replaced with 0.012 g (0.06 mmol) of 
tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 

15 di-tert-butylphenyl malonate formed. 
[Comparative Example 45] 

Synthesis of ethyl-2-phenylcyanoacetate from chlorobenzene 
and ethyl cyanoacetate 

(Synthesis in which tri-tert-butylphosphine was handled in 
20 argon) 

The procedures in Example A-24 or B-42 were repeated 
except that 0.105 g (0,2 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-24 or 0.116 g (0.2 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
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B-42 was replaced with 0.040 g (0,2 mmol) of 
tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 0.354 g of 
5 ethyl-2-phenylcyanoacetate was obtained (yield: 37 mol% based 
on chlorobenzene) . The identification of the product was made 
by mass spectroscopy, 1 H-NMR and 13 C-NMR, and the results were 
in agreement with those of Example A-24 or B-42. 
[Comparative Example 4 6] 
10 Synthesis of ethyl-2-phenylcyanoacetate from chlorobenzene 
and ethyl cyanoacetate 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

The procedures in Example A-24 or B-42 were repeated 
15 except that 0.105 g (0.2 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-24 or 0.116 g (0.2 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-42 was replaced with 0.040 g (0.2 mmol) of 

tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
20 white smoke while being handled in air. Little 
ethyl -2 -phenyl cyanoacetate formed. 
[Comparative Example 47] 
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Synthesis of triphenylamine from chlorobenzene and 
diphenyl amine 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

5 The procedures in Example A-25 or B-43 were repeated 

except that 0.021 g (0.04 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-25 or 0.023 g (0.04 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-43 was replaced with 0.008 g (0.04 mmol) of. 
10 tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 8 . 164 g of triphenylamine 
was obtained (yield: 83 mol% based on diphenylamine) . The 



20 



me 



lting point was 125-126°C. 



15 [Comparative Example 48] 

Synthesis of triphenylamine from chlorobenzene and 

diphenylamine 

(Synthesis in which tri-tert-butylphosphine was handled in 



air) 



The procedures in Example A-25 or B-4 3 were repeated 
except that 0.021 g (0.04 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-25 or 0.023 g (0.04 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-43 was replaced with 0.008 g (0.04 mmol) of 
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tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little triphenylamine 
formed. 

[Comparative Example 49] 
5 Synthesis of tert-butyl-2-methylphenyl ether from 
2 -chloro toluene and sodium- tert-but oxide 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-2 6 or B-44 were repeated 
10 except that 0.784 g (1.5 mmol) of tri-tert-butylphosphonium 
tetraph enylborate of Example A— 26 or 0.868 g (1.5 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-44 was replaced with 0.303 g (1.5 mmol) of 

tri-tert-butylphosphine, and except that the procedures were 
15 carried out in a glove box in which an argon atmosphere was 
strictly maintained. Consequently, 7.712 g of 
tert-butyl-2-methylphenyl ether was obtained (yield: 94 mol% 
based on 2-chlorotoluene) . The boiling point was 75°C/9 Torr . 
[Comparative Example 50] 
2 0 Synthesis of tert-butyl-2-methylphenyl ether from 
2-chlorotoluene and sodium- tert-butoxide 

(Synthesis in which tri-tert-butylphosphine was handled in 
air) 

The procedures in Example A-2 6 or B-44 were repeated 
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except that 0.784 g (1.5 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-26 or 0.8 68 g (1.5 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-44 was replaced with 0.303 g (1.5 mmol) of 
5 tri-tert-butylphosphine. Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
tert-butyl-2-methylphenyl ether formed . 
[Comparative Example 51] 

Synthesis of 2-methoxy-4 , 2 ' -dimethylphenyl ether from 
10 2 -chloro toluene and 2-methoxy-4-methylphenol 

(Synthesis in which tri-tert-butylphosphine was handled in 
argon) 

The procedures in Example A-27 or B-45 were repeated 
except that 1.045 g (2 mmol) of tri-tert-butylphosphonium 
15 tetraphenylborate of Example A-27 or 1.157 g (2 mmol) of 

tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-45 was replaced with 0.405 g (2 mmol) of 

tri-tert-butylphosphine, and except that the procedures were 
carried out in a glove box in which an argon atmosphere was 
20 strictly maintained. Consequently, 6.958 g of 

2-methoxy-4, 2' -dimethylphenyl ether was obtained (yield: 76 
mol% based on 2-chlorotoluene) . The identification of the 
product was made by mass spectroscopy, 1 H-NMR and 13 C-NMR, and 
the results were in agreement with those of Example A-27 or 
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B-45. 

[Comparative Example 52] 

Synthesis of 2-methoxy-4 , 2' -dimethylphenyl ether from 

2-chlorotoluene and 2-methoxy-4-methylphenol 

(Synthesis in which tri-tert-butylphosphine was handled in 

air) 

The procedures in Example A-27 or B-45 were repeated 
except that 1.045 g (2 mmol) of tri-tert-butylphosphonium 
tetraphenylborate of Example A-27 or 1.157 g (2 mmol) of 
tri-tert-butylphosphonium tetra-para-tolylborate of Example 
B-45 was replaced with 0.405 g (2 mmol) of 

tri-tert-butylphosphine . Tri-tert-butylphosphine generated 
white smoke while being handled in air. Little 
2-methoxy-4 , 2 ' -dimethylphenyl ether formed . 
[Comparative Example 53] 

Synthesis of triphenylamine from bromobenzene and 
diphenyl amine 

(Synthesis in which n-butyldicyclohexylphosphine was handled 
in argon) 

The procedures in Example B-48 were repeated except that 
0.690 g (1.20 mmol) of n-butyldicyclohexylphosphonium 
tetraphenylborate of Example B-48 was replaced with 0.305 g 
(1.20 mmol) of n-butyldicyclohexylphosphine, and except that 
the procedures were carried out in a glove box in which an argon 
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atmosphere was strictly maintained- Consequently, 8.343 g of 
triphenylamine was obtained (yield: 85 mol% based on 
diphenylamine) . The melting point was 125-126°C. 
[Comparative Example 54] 

Synthesis of triphenylamine from bromobenzene and 
diphenylamine 

(Synthesis in which n-butyldicyclohexylphosphine was handled 
in air) 

The procedures in Example B-48 were repeated except that 
0.690 g (1.20 mmol) of n-butyldicyclohexylphosphonium 
tetraphenylborate of Example B-48 was replaced with 0.305 g 
(1.20 mmol) of n-butyldicyclohexylphosphine . Consequently, 
2.943 g of triphenylamine was obtained (yield: 30 mol% based 
on diphenylamine) . The melting point was 125-126°C. 
Handling n-butyldicyclohexylphosphine in air resulted in the 
lowered yield of triphenylamine. 
[Comparative Example 55] 

Synthesis of triphenylamine from bromobenzene and 
diphenylamine 

(Synthesis in which di-tert-butylphenylphosphine was handled 
in argon) 

The procedures in Example B-4 9 were repeated except that 
0.0 65 g (0.12 mmol) of di-tert-butylphenylphosphonium 
tetraphenylborate of Example B-49 was replaced with 0.027 g 



(0.12 mmol) of di-tert-butylphenylphosphine, and except that 
the procedures were carried out in a glove box in which an argon 
atmosphere was strictly maintained. Consequently, 9.020 g of 
triphenylamine was obtained (yield: 92 mol% based on 
diphenylamine) . The melting point was 125-126°C. 
[Comparative Example 56] 

Synthesis of triphenylamine from bromobenzene and 
dipheny 1 amine 

(Synthesis in which di-tert-butylphenylphosphine was handled 
in air) 

The procedures in Example B-49 were repeated except that 
0.065 g (0.12 mmol) of di-tert-butylphenylphosphonium 
tetraphenylborate of Example B-49 was replaced with 0.027 g 
(0.12 mmol) of di-tert-butylphenylphosphine. Consequently, 
6.869 g of triphenylamine was obtained (yield: 70 mol% based 
on diphenylamine) . The melting point was 125-126°C. 
Handling di-tert-butylphenylphosphine in air resulted in the 
lowered yield of triphenylamine. 
[Comparative Example 57] 

Synthesis of triphenylamine from bromobenzene and 
diphenylamine 

(Synthesis in which 2-biphenylyl-di-tert-butylphosphine was 

handled in argon) 

The procedures in Example B-50 were repeated except that 
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0.074 g (0.12 mmol) of 2-biphenylyl-di-tert-butylphosphonium 
tetraphenylborate of Example B-50 was replaced with 0.036 g 
(0.12 mmol) of 2-biphenylyl-di-tert-butylphosphine, and 
except that the procedures were carried out in a glove box in 
which an argon atmosphere was strictly maintained. 
Consequently, 8.535 g of triphenylamine was obtained (yield: 
87 mol% based on diphenylamine) . The melting point was 
125-126°C. 

[Comparative Example 58] 

Synthesis of triphenylamine from bromobenzene and 
diphenylamine 

(Synthesis in which 2-biphenylyl-di-tert-butylphosphine was 

handled in air) 

The procedures in Example B-50 were repeated except that 
0.074 g (0.12 mmol) of 2-biphenylyl-di-tert-butylphosphonium 
tetraphenylborate of Example B-50 was replaced with 0.036 g 
(0.12 mmol) of 2-biphenylyl-di-tert-butylphosphine . 
Consequently, 6.378 g of triphenylamine was obtained (yield: 
65 moll based on diphenylamine) . The melting point was 
125-126°C. Handling 2-biphenylyl-di-tert-butylphosphine in 
air resulted in the lowered yield of triphenylamine. 
[Comparative Example 59] 
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Synthesis of triphenylamine from bromobenzene and 
diphenyl amine 

(Synthesis in which di-tert-butyl-l-naphthylphosphine was 
handled in argon) 
5 The procedures in Example B-51 were repeated except that 

0.071 g (0.12 mmol) of di-tert-butyl-l-naphthylphosphonium 

tetraphenylborate of Example B-51 was replaced with 0.033 g 

■ 

(0.12 mmol) of di-tert-butyl-l-naphthylphosphine, and except 
that the procedures were carried out in a glove box in which 
10 an argon atmosphere was strictly maintained. Consequently, 
8.340 g of triphenylamine was obtained (yield: 85 mol% based 
on diphenylamine) . The melting point was 125-126°C. 
[Comparative Example 60] 

Synthesis of triphenylamine from bromobenzene and 
15 diphenylamine 

(Synthesis in which di-tert-butyl-l-naphthylphosphine was 

handled in air) 

The procedures in Example B-51 were repeated except that 
0.071 g (0.12 mmol) of di-tert-butyl-l-naphthylphosphonium 
20 tetraphenylborate of Example B-51 was replaced with 0.033 g 
(0.12 mmol) of di-tert-butyl-l-naphthylphosphine . 
Consequently, 6.380 g of triphenylamine was obtained (yield: 
65 mol% based on diphenylamine) . The melting point was 
125-126°C. Handling di-tert-butyl-l-naphthylphosphine in 
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air resulted in the lowered yield of triphenylamine . 
Consideration of Examples A relating to trialkylphosphonium 
tetraphenylborates> 

The results of Examples A-l to A-4 confirmed that the 
5 trialkylphosphonium tetraphenylborates were produced more 
safely, by simpler reaction operations and in higher yields 
than by the conventional processes. 
[0192] 

The results of Comparative Examples 3, 4, 7 to 16, and 
10 19 to 52 confirmed that the trialkylphosphines could be used 
in combination with transition metals, salts thereof, oxides 
thereof or complexes thereof when the trialkylphosphines were 
handled in an inert gas, and that the trialkylphosphines were 
immediately oxidized in air and could not be used in combination 
15 with transition metals, salts thereof, oxides thereof or 

complexes thereof in air. The results of Examples A- 5 to A-27 
confirmed that the trialkylphosphonium tetraphenylborates 
could be used in combination with transition metals, salts 
thereof, oxides thereof or complexes thereof when the 
20 trialkylphosphonium tetraphenylborates were handled in air. 
Consideration of Examples B relating to novel phosphonium 
borate compounds> 

The results of Examples B-l to B-17 and Examples B-4 6 
to B-47 confirmed that the novel phosphonium borate compounds 
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were produced more safely, by simpler reaction operations and 

in higher yields. 

[0193] 

The results of Comparative Examples 1 to 60 confirmed 
that the alkylphosphines could be used in combination with 
transition metals, salts thereof, oxides thereof or complexes 
thereof when the alkylphosphines were handled in an inert gas, 
and that the alkylphosphines were immediately oxidized in air 
and could not be used in combination with transition metals, 
salts thereof, oxides thereof or complexes thereof in air. The 
results of Examples B-18 to B-45 and Examples B-48 to B-51 
confirmed that the alkylphosphonium borate compounds could be 
used in combination with transition metals, salts thereof, 
oxides thereof or complexes thereof when the alkylphosphonium 
borate compounds were handled in air. 



